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(54) OPTICAL ELEMENT MOUNTING SUBSTRATE, OPTICAL MODULE USING THE 
AND PRODUCTION THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical 
element mounting substrate capable of simplifying all 
alignment processes including not only optical 
connection but also electric connection as well as 
sealing by providing a reference structure part for 
positioning an optical function component and a fiber 
aligning part for positioning an optical fiber. 
SOLUTION: An optical element mounting substrate 1 1 is 
composed of a recessed structure (reference structure 
part) 1 2 for inserting, positioning and fixing the optical 
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function component V groove parts (fiber aligning parts) 13 and 13' capable of holding the 
optical fiber for inputting/outputting light to the optical function component while aligning it and 
connecting it with the optical function component, and recessed parts 14 and 14' for storing and 
fixing the coated parts of optical fiber tapes 16 and 16' of multiple fibers. An optical function 
waveguide circuit 15 is inserted into the recessed structure 12 of the optical mounting 
substrate 11. adhered and fixed. The coating at the terminal parts of the optical fiber tapes 16 
and 16' is removed, and the optical fibers are aligned in the V groove parts 13 and 13' and held 
Then, the optical fiber tapes 16 and 16' are pressed from the upside into the V groove parts 13 
and 13' by a pressing lid 17 and fixed. 
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• NOTICES • 

Jn and NCIPI «ra not ruoonstbl* for ny 
dnasn cnsad by tha tm of this translation. 

1. This document has b«en translated by convuter. So the translation may not reflect the orfiinal 
precisely. 

2. **** shows the word which can not be translated. 

3. bi the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Cl«m 1] The light corpuscle chfld mounting substrate characterized by horizonUl and to have 
( of said optical function^ part ] the fBier alipiment section for positionaig this optical fiber m 
the location which makes optical conrtection of this optical fiber at said optical waveguide while 
having the criteria structured division for positioning perpendicubrfy and carryirtg out insertion 
maintenance of said optical fiber in the light corpuscle chad mounting substrate which makes 
optical connection with this optical waveguide of an optical functional part and the optical fiber 
which have optical waveguide. 

(Claim 2] The Kght corpuscle child mountirtg substrate accor Aig to claim 1 characterized by 
preparing the electric wiring pattern in the location which stands face to fmea against the 
electrode pad of the electrode pattern of this optical fwwtional part when this optical functional 
part is positioned to said optical fSier in order to perform electrical conrteetion with this optical 
functional part, when said optical functional part has an electrode pattern. 

[Claim 3] The light corpuscle dhiU mounting substrate accordmg to claim 1 or 2 characterized by 
becoming depressed in the location which takes a stand against said Kght corpuscle child, and 
having the section when it has the light corpuscle chad as for whom said optical functional part 
does optical couping to the optical waveguide of this optical functional part and this optical 
functional part is positioned to said optical fiber. 

[Claim 4] The Gght corpuscle child mounting substrate aceonfing to claim 1 or 2 which said 
optical functional part is plurality and is characterized by having the criteria structured division 
for carrying out the horizontal between these light functional parts, and a verticah-positjon 
arran g emen t . 

[Claim S] The light corpuscle child mounting substrate aceorcfing to claim 1 to 4 characterized by 
said fiber alignment section serving as a cross-section V type. 

[Claim 6] The light corpuscle child mounting substrate aeeorifing to claim 1 to 4 characterized by 
said fiber alignment section serving as a cylindrical shape. 

[Claim 7] The Eght corpuscle child mounting stiistrate according to claim 1 to 4 characterized by 
forming in said fiber ^gnment section the attachment-and-detachment structure which makes 
an optical fiber removable. 

[Claim 8] to said criteria structured division of this substrata, and said a part of optical 
functional part, he fits in mutually and said optical functional part to this substrate should 
positiori, respectively — the light corpuscle child mounting substrate according to claim 1 to 7 
characterized by forming the ****** configuration section. 

[Claim 9] The light corpuscle child mounting substrate accordng to claim 8 which the fitting 
configuration section of said criteria structured division is the configiration dvided with the level 
difference, arwl is. characterized by bemg the configuration which fite into the configuration «rith 
w^ich the annular configuration section of said optical fumitional part was dvided with said level 
deference. 

[Claim 10] The Kght corpuscle child mounting substrate aceording to claim 1 to 9 characterized 
by farming at least one slot for mlssiiv excessive adhesives into the instellation part of this 
substrate writh which said optical functional part contecte. 
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level and the horizontal position arrangement which determino the height location of said optical 
functional part on a substrate. And the fiber alignment section for positioning to thfs optical 
waveguide of sard optical functional part in the location which makes optical connection, while 
carrying out insertion maintensnce of the optical fiber. While consisting of a light corpuscle child 
mounting substrate which has the electric wiring pattern prepared in the location which stands 
face to face against the electrode pad of said electrode pattern on said optical functional part 
and carrying out alignntent of the level criteria structured divisioris of said optical functional part 
and said light corpuscle child mounting substrate While the height datum level of said optical 
functional part and the height datum level on said light corpuscle child mounting substrate are 
contected and the alignment and electrical instellation of said electrode pattern and said electric 
wiring pattern are realized by this The optical module characterized by making the alignment of 
the optical fiber inserted in said fiber altpvnent section, and said optical waveguide. 
(Claim 29] The optical module according to claim 28 characterized by becoming depressed in the 
location which tekes a ster^ against said light corpuscle child, and preparing the section further 
when it has the light corpuscle child as for whom said optical functional part does optical 
coupling to the optical waveguide of this optical functional part and this optical functiorwl part is 
positiofwd to said optical Tiber to said Gght corpuscle child mounting substrate. 
[Claim 30] The optical module according to claim 28 with which said optical furK:tiorul part is 
plvirality, and the criteria structured division for carrying out the horizontel between these fight 
functional parte and a vertical-position arrangement to said light corpuscle chiW mounting 
substrate is characterized by being prepared further. 

[Claim 3 1 ] The optical module according to claim 28 to 30 characterized by being the wall 
surface on wfiich the level criteria structured division of said optical fvrkctionsi part etched and 
produced the clad part of the optical waveguide of this optical functional parL 
(Claim 32] The optical module accor<fing to claim 28 to 30 characterized by the level criteria 
structured division of said optical functional part being the projection of the rib mold formed in 
this optical functiorul part. 

[Claim 33] The optical module according to claim 32 characterized by said rft> type of projection 

being the optical waveguide formed in the rib mold of said optical functional part 

[Claim 34] The optical module according to claim 28 to 30 characterized by the height datom 

level of said optical functional part being an exposure substrate side which the clad part of the 

optical waveguide of this optical functiorial part was removed to the substrate side, and was 

exposed. 

[Claim 35] h is the optical module according to claim 28 to 30 characterized by being the stop 
side of a pair where the level criteria structured division of said optical functional part is the 
stop side of the pair aslant formed in the clad part of the optical waveguide of this optical 
Kinctional part at the lon^tudinal direction of this optical waveguide, and the level criteria 
structured division of said light corpuscle child mounting substrate contecte the stop side of the 
pair of said optical functional part. 

[Claim 36] The stop side of the pair of said optical functional part is an optical module accor(£ng 
to claim 35 characterized by being arranged in the line symmetric position to a shaft parallel to 
the optical axis of the outgoing radiation li^t from said optical waveguide. 

[Claim 37] The optical module according to claim 28 to 30 characterized by filling up the gap of 
said optical fivictional part and said light corpuscle child mounting substrate with the insulating 
resin for the dostres. 

[Claim 38} The optical module according to cdsim 37 characterized by controlling invasion of the 
resin to a specific part by adjusting the magnitude of said optical functional part, said light 
corpuscle chikJ mounting substrate, and a gap. 

[Claim 39] The optical module according to claim 29 characterized by filling up transparent resin 
into said hoDow section vnth insulation, and realizing a light corpuscle child's closure. 
(Claim 40] The optical module according to claim 28 to 39 characterized by said light corpuscle 
child mounting substrate consisting of synthetic-resin constituente. 

[Claim 41] The optical modide aceording to claim 40 with w^ueh the molding shrinkage of said 
synthetic-resin cortstituent is 1\ or less, and this contraction is characterized by isotropic or 
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[Claim 11] The light corpuscle chiU mounting substrate according to claim t to tO characterized 
by having further the Bd w^ich holds said optical fiber in the state of alignment by fixing to this 
substrate after connecting said optical f3>er to this substrata that attached said optical 
functional pert 

[Claim 12] The light corpuscle child mo«*ning substrate according to claim 1 to 1 1 characterized 
by mounting the macromolecule photoconductive wave circuit 

(Claim 1 3] The light corpuscle child mounting substrate according to claim 1 to 1 2 characterized 
by consisting of syrrthetic-resin constituente. 

[Claim 14] The light corpuscle chiki mounting substrate according to claim 13 with «vhich the 
moWing shrinkage of said synthetic -re sin constituent is IS or less, and this contraction is 
characterized by isotropic or the ratio of the maxirr»*n of the vakie and the minimum vakie being 
1.5 or less. 

[Claim 15] The light corpuscle chtM mounting substrate accordng to claim 14 wfth which said 
syrrthotic-resin constituent uses thermosetting resin as a principal component. ar>d is 
characterized by conteining the inorgarwc filler. 

[Claim 16] The light corpuscle child mounting substrate according to claim IS characterized by 
said thermosetting resin being an epoxy resin. 

[Claim 17] The fight corpuscle child mounting substrate according to claim 16 characterized by 

said ir>organic filler being qiiartz powder. 

[Claim 18] The light corpuscle child mounting substrate accordhg to daim 13 with which said 
synthetic-resin constitoent uses an amorphous polymer as a principal comp o nent, and is 
characterized by conteining the inorganic filler. 

[Claim 19] The light corpuscle child mountmg substrate accordng to claim 18 with whidi said 
irxirganic filler is characterized by being inorganic crystel powder, i n org a n ic glass powder, or such 
mixtire. 

[Claim 20] The light corpuscle chad mounting substrate accordng to claim 18 or 19 with which 
said amorphous polymer is characterized by being polyether sulphone. polysulfone. polyether 

imide. or such mixture. 

[Claim 21] The light corpuscle chiW mourttirtg substrate accordng to claim 1 to 12 characterized 
by being formed from the ceramic. 

[Claim 22] In the light corpuscle child mounting substrate which makes optical connection with 
this optical waveguide of an optical fxmctional part and the optical fiber which have an electronic 
circuitry for carrying out drive control of optical waveguide, a photo detector or/and a light 
emitting device, and said light corpuscle child It has the criteria structured division of the for of 
said optical functional part horizontel and for positioning perper>dicular1y. And the light corpuscle 
f:hild mounting substrate characterized by having the fber alignment section for positioning this 
optical fiber in the location which makes optical connection of this optical fiber at said optical 
waveguide while carrying out insertion maintenarxre of said optical fftter. 

[Claim 23] The mamifacture approach of the light corpuscle child mounting substrate which is 
the manufacture approach of said light corpuscle child mounting substrate accordng to claim 1 
or 22. and is characterized by fabricating using metei mold. 

[Claim 24] The marHjfacture approach of the light corpuscle child mounting substrate according 

to claim 23 characterized by shaping by said metel mold being injection molding. 

[Claim 25] The rrxamifacture approach of the light corpuscle child mounting substrate according 

to claim 23 characterized by shaping by said metel mold being transfer moWing. 

[Claim 26] The optical module with which it comes to mount an optical finctional part and wn 

optical fiber in said light corpuscle child mounting substrate according to claim 1 to 22. 

[Claim 27] The optical module according to claim 26 characterized by eqiMpping said optical fibm 

with the optical connecter. 

[Claim 28] The height datum level established in the k»cation separated from the core section in 
predetermined height in said optical waveguide comportente cross section *&»\« having optical 
waveguide and an electrode pattern. And the optical functiortal part which has the level criteria 
structured cfivision prepared in the k»cation which only predetarmirted distance separated from 
said core section. It has the level criteria strxjctured division for carrying out the height datwn 
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the ratio of the maximum of the vakie and the minimum value being 1.5 or less. 

[Claim 42] The optical module according to claim 41 with vwhich said synthetic-renn constituent 

uses thermosetting resin as a principal component, and is characterized by containing the 

inorganic filler. 

[Claim 43] The optical module according to claim 42 characterized by said thermosetting resin 
being an epoxy resin. 

[Claim 44] The optical module according to claim 43 characterized by said inor^ruc filler being 
quartz powder. 

[Claim 45] The optical modude according to claim 40 wnth which said synthetic-resin constituertt 
uses an amorphous polymer as a prirtcipal component, and is characterized by conteining the 
inorganic filler. 

[Claim 46] The optical module according to claim 45 with which said inorganic filler is 
characterized l»y being inarganic crystel powder, irtorganic glass powder, or such mixture. 
[Claim 47] The optical module according to claim 45 or 46 with which said amorphous polymer is 
characterized by being polyether sulphone, polysuffone. polyether imide. or such mixture. 
[Claim 48] The optical module aceorcfing to claim 28 to 39 characterized by forming said light 
corpuscle child mounting substrate using a ceramic. 

[Claim 49] The optical modide aceorcfing to claim 28 to 48 characterized by said fiber alignment 
section servirtg as a cross-section V type. 

[Claim 50] The optical module according to claim 28 to 48 characterized by said fber alignment 
section serving as a cylin<kical shape. 

[Claim 51] The optical module aceorcfing to claim 28 to 48 characterized by forming in said fibw 
aligrvnent section the ettechment-end-cietechment structure which makes an optical fiber 
removable. 

[Claim 52] The manufacture approach of the optical module which is the manufacture approach 
of an optical module aceorcfing to claim 26 or 28. and is characterized by closing the toper part 
or the whole of said substrate by resin mokJ after connectirtg said optical fber. whBe mounting 
said optical fur>ctional part on said substrate. 



[Translation ckme.] 
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DETAOfD DESCraPTION 

(Detailed Description of the hvention] 
(0001] 

(Field of the frivention] This invention relates to the optical module wvhich consists of a light 
corpuscle child mounting substrate which it is accirate ar>d can connect easily the optical 
functional part which has functions, such as light-receiving, lumir»cscenco. optical branching, 
optical multiplexinc. an optical change, and light modulation, end an optical f3>er. and an optical 
functional part ar>d a light corpuscle chPd mounting substrate. 
(0002] 

[Description of the Prior Art] In the optical components using a flat-surface photoconductive 
wave circuit, it is very important to simplify connection with the optical waveguide arid the 
optical fiber which r»eed the alignnrtent of a micron unit, when reducing production cost. 
Moreover, in the optical functional part which processes a htgh->speed signaL since electric wiring 
was detailed, fan-out structv^e needed to be established and electric connection needed to be 
made. Moreover, although the closure was generally needed from a viewpoint of dependability, in 
the optical module which has the structfe of a fiber connection or the electric wiring sectiorv 
the Kght corpuscle child needed to close the field where the volurrw on the structire is big. and 
had a problem from a viewpoint of mounting capacity or the closure effectiveness. 
[0003] Some of structures of the conventional optical module are shown below. 
[0004] (Conventional example 1) 'Self-aligned fttp-chip assembly of photonic devices with 
eiectricaland optical connections'', M.J.Wale. et al.. IEEE Trans.Gomp., Hybrids. 
MafHifact-TechnoL Vol.13, and No.4 A-awtng 31 (1990) are the conventional examples of the 
mounting structure of giving the optical coupling of fjptical waveguide and an optical fiber. In this 
example, the optical fiber 2 was fixed on the Si substrate 3 in which V-Iike configuration was 
formed, and structure combined with optical waveguide la of the optical functional part 1 is 
realized. Under the present dr cumstsrwes, alignment of optical waveguide 1 arxi the V groove 
substrate 3 is automatically carried out by the surface tension of solder 3-3 1 . Thus, since it is 
necessary to decide correctly the location of an optical fiber 2 and optical waveguide 1 even if it 
can position an optical fiber 2 correctly by V groove 3a. the burden placed on mountirnc is large. 
Although the automatic alignment by so4der 3-3 1 is used, in order to take out the effectivertess 
of surface tension in the case of a soldered joint, reflow corxiitions need to be optimized etc. of 
this example. 

[0005] (Conventional example 2) The 1994 Institute of Electronics. Information arrd 
Communication Engineers spring convention besides 'the high impedartce RF cross talk property 
of a photodiode array and a sii>carrier' and Kondo and C-297 ^awing_32 are the conventional 
examples in the packaging of optical comporwrtts which has an electrode. The optical 
comporwrrts which carry out active actuation are used for high-speed optical transmission in 
many cases. For this reasoa it is necessary to integrate electric wiring etc. On the other hand, 
in order to mount such components as a module, it is necessary to form the lead for taking out 
an electrode and making it join to the exterior. In this example, the light corpuscle child 
(photodiode) 1-3 of feur channels who arrsy-ized is carried in the optical functional part 1. and 
from there, it develops to the electrode 1-4 for bondings first, artd is further developed through 



the boTKiing wire 101. the chip resistor 102. and the bonding wire 101 to the lead wire 3-30 of a 
package (optical mounting s^strate) 3. Thus, in order to carry out packaging of the integrated 
optical components, electrode election structure, wirebor^ding. etc. are required. 
C(XX)6] (Conventional example 3) 'automatic-assemblirxg examination of a non-a^iusted mounting 
mow module', and Takeshi Nakagawa 2 others — Institute of Electronics, biformation mvd 
Communication Er«ineers 1995 electrcnics society convention lectwe coOeeted works The 
conventiorul example of the optical module by which the hermetic seal was carried out to C- 187 
drawing 33 is shown. The light corpuscle chiM (laser <fiode) 1-3 forms the optical ftjnctional part 
1 attached on Si substrate. The electrical cable 3-40 for electrical siptal transmissien and an 
optical f3>er 2 are attached in a package 3 as a light corpuscle child mowiting substrate. An 
optical fiber 2 is fixed on Si substrate with the presser-foot Bd S. After these processes, the 
hermetic seal of the closure lid 3-50 b carried out with the gastait to which the desure of the 
optical functional-part 1 whole is carried out and it has the structure of taking a perfect airtight 
conditior«. Thus, since a special container is required and the mowiting volume becomes large 
end the electrical cable for electrical sipial transmission is used when carryinc out a hermetic 
seal, a trartsmissian distance terKts to become long and has the structwe of being hard to 
respond to s RF, on the eleetricsl property. It is dear that increase of these volume and the 
problem of deffradation of a sipial become remarliable as the electric wirir^ section is 
compKcsted. ss long ss it is such a closure gestslt. 

[0007] Since the closure with the structure severe required In order to mount optical 
co m ponents for picking out an electrode from opticah-a xis a^ustment of optical waveguide and 
an optical fiber or a detailed electrode was called for as it is in the above conventional example, 
the birden placed on mounting was very large. 
(0008] 

{Problem(s) to be Solved by the hverrtion] As described above, in order to perform precise 
positioning, even if it used fiber guide structure conventionally, in the optical module using a flat- 
surface phetocortductive wave circuit highly precise alignment equipment or advanced mounting 
technolocy was required of connection bet¥»een optical waveguide and an optical fiber. 
[0009] Moreover, for example. Kke the hybrid ight module which mounted the optical switch 
using a thermooptic effect artd the OPTO semiconductor device on the optical waveguide 
siAstrate. in order to manufactwe the optical module which has an active part on a 
photocorKkwtive wave ctreuit the problem of electrical connection was abo generated with the 
problem of the above-mentmned optical fber connection. That is. wirebonding is needed in order 
to eonrtect the electric wiring section of a photoconductive wave circuit to another parU. such 
as a package. Especially when a high-speed signsi wss uested taking advantage of the property 
of a lightwave signal, high-density electric wving was needed for the opticsl modide. leading 
about of electric wiring needed to be lost or the electric pad etc. rModed to be made detailed, 
and the electrical connection process, such as bond»ig to a detailed electrode pattern top. was 
complicated. 

[0010] Fu^rmore, the closure of the perinteter of a semi-eonductor light corpuscle chM was 
required, for this reason the process which attaches a closure lid was abo required ef the 
above-men t i o ned hybrid light module. There were problems, such as a bad influence to the 
electrical sqpnal by increase of the electric wving length by vokane increase and vokane increase 
of an optical module, n this approach. 

[001 1] Thus, in mounting of the conventional photoconductive wave circuit module, net only an 
optical fber connection process but an ebctrical connection process and many processes 
further of a ck»ure process were needed, artd it was required that exact sBpvnent should 
moreover have been performed. 

[0012] h connection between an optwal functional part artd an optical fber. the technicat 
problem of this invemion can simplify an the aSgnment proc:esses inckjded not only in opticsl 
connection but in the electrical conrtection pan to the closure, and b to offiar the configurations 
of the light corpuscle chiM mounting substrate which the dimensionsi accuracy of alipwnent can 
abo raise further, and an optical module, artd those manufticture approaches. 
[0013] 
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[Means for Sohring the Problem] In order to sohre said technical proble m , the light corpuscle 
child nnounting substrate of cbim 1 of thb invention In the light corpuacle cMId motfiting 
substrate which makes optical connection with thb optical waveguide of an optical functional 
part and the optical fiber which have optical waveguide It is characterized by horizontal and 
having [ of said optical functional part ] the fber aRgnment section for positioning thb optical 
fS>er In the kwation which mdtes optical cormection of thb optical fber at ssid optical wavegukie 
whib having the criterb structured division for positioning perpendicularly and carrying out 
insertion maintenance of s»d optical f%er. 

[0014] In the light corpuscle chad mounting substrate of ssid cbim 1. the light eorpuscb chfld 
moulting substrate of cbim 2 of this invention b characterized by preparing the electric wirirtg 
pattern in the location which stands face to face against the electrode pad of the electrode 
pattern of thb optical functional part when tNs optical functional part b positioned to said 
optical fiber, in order to perform electrical cormection with thb opticsl fwictiortal part when said 
optical functional part has an ebetrode pattern. 

[00 IS] In the light corpuscle child mounting substrate of ssid cbims I or 2. the light corpuscle 
child mounting substrate of claim 3 of this invention is characterized by becomir« depressed in 
the location which takes a stand against said light corpuscle child, and hawig the section, vvhen 
it has the Kght corpuscle el»ld as for whom said optical functional part does opticsl coupling to 
the optical waveguide of thb optical funcitional part and this optical furtctional part b positiorted 
to said optical fiber. 

[0016] in the Kght corpusde child mounting substrate of said cbims 1 or 2. said optical 
functional part ia pk«'ality and the Kght corpusde chiM mounting substrate of cbim 4 of thb 
invention b f:haracterized by having the criteria structured dvision for carrying out the 
horizontal between these Kght functional parts, artd a vertical-position arrangement 
[0017] The light eorpuscb child mounting substrate of cbim S of thb invention b chsrscterized 
by said fiber alignment section servir^ as a cross-section V type in said daim 1 thru/or one Kght 
corpusde child mounting substrate of 4. 

[0018] The light eorpuscb child mounting substrate of cbim 6 of thb invention b characterized 
by said fiber aUgnment aection serving as a cytindrical shape in ssid claim 1 thru/or one fight 
corpuscle child mounting substrste of 4. 

[0019] The Kght corpuscle diild mounting substrste of cbim 7 of thb invention is chsrscterized 
by forming the attachment-and-detachment structure which makes an optical fiber removable at 
ssmI 13>er aKgnment section in said cbim 1 thru/or one light corpuscle child mounting substrate 
of 4. 

[0020] in said cbim I thrv/or one fight corpuscle child mowning substrate of 7. to said criteria 
structured (fivision of this substrate, and said a part of optical functional part the light corpuscle 
chiM mountirv aubstrate of claim 8 of this invention should fit in mutually, and said optical 
functional part to this substrate should position it respectively — it is chsrscterized by forming 
configiration section. 

[0021] En the light eorpuscb child moulting substrate of said cbim 8. the fitting configuration 
section of said criterb structured division b the configuration <fivided with the level difference, 
and the light corpusde child mounting substrate of cbim 9 of this invention is characterized by 
beirtg the configuration which fits into the configuration with which the annubr configLration 
section of said optical furKtional part was divided with said bvel difference. 

[0022] The light corpuscle child mounting substrste of cbim 10 of this invention is characterized 
by forming at bast one sk>t for missirtg excessive sdhesives into the instsllstion part of this 
substrate with which said optical functional part contacts in said cbim 1 thru/or one Kght 
corpusde diild mounting substrate of 9. 

[0023] in said cbim 1 thnj/or one light corpusde child ntounting substrate of 10. after the Ught 
eorpuscb child mounting substrate of claim 1 1 of this invention connects said optical f3>er to 
this substrate that attached said optical functional part it is characterized by having further the 
lid which hdds ssid optical fft>er in the state of alipvnent by fixing to tKs substrate. 
((M)24) The light corpuscle child mounting substrate of cbim 12 of this invention is characterized 
by mourrting the macromolecule photoconductive wave circuit in this substrate in said claim 1 



thru/or one Kght corpuscle child mountirtg substrate of 1 1. 

[0025] The Kght corpusde deU mourrting substrste of cbim 13 of thb irtvention b characterized 
by this substrate consbting of synthetic-resin constituents in said daim 1 thru/or one Kght 
corpusde child mounting substrate of 12. 

[0026] In the light corpuscle chiM mounting substrate of said daim 13. the moldir« slvvikage of 
said synthetic-resin constituent is 1% or bss. and the Kght eorpuscb chiM mounting substrata ef 
cbim 14 of thb invention is characterized by that this contraction is isotropic or the ratio of the 
maximum of the value and the minimum value being 1 .5 or bss. 

[0027] h the Kght corpuscle chiM mounting substrate of said claim 14, said syrrthetic-redn 
constituent uses thermosetting resin as a principal component and the Kght eorpuscb ch3d 
mouitinc substrate of cbim 15 of thb inverrtwr> b characterized by containing the iiMrganic 
filler. 

[0028] The Kght corpuscle chiM mounting substrate of cbim 16 of thb invention is characterized 
by said thermosettmg resin being sn epoxy resin in the Kght corpusde chiM mounting substrate 
of ssM cbim 15. 

[0029] The Ught cofpuscb chiM mounting substrste of daim 1 7 of this invention b characterized 
by saM inorganic filler being quartz powder in the fight corpusde f:hiM mounting substrate of saM 
daim 16. 

[0030] in the Kght corpusde chad mounting substrate of saM cbim 1 3. said synthetic-resin 
constituent uses sn smorphous polymer as a prirteipal component and the Kght conxncle chiM 
mountifig substrate of cbim 18 of this invention is characterized by containing the irK>rganic 
fitter. 

[0031] The fight eorpuscb chtM mounting substrate of cbim 19 of this invention b characterized 
by saM inorganic fillers being inorgsnic crystal powder, inorganic gbss powder, or such mixture in 
the fight corpuscle ehSd mounting substrate of said cbim 18. 

[0032] The Kght corpuscle f:hiM mouitirtg substrate of cbim 20 of thb invention b characterized 
by saM amorphous polymers being polyether suiphone, polysulfone. polyether imide. or such 
mixtwe in the light eorpuscb chiM moi«iting substrate of said claims 18 or 19. 
[0033] The Kght corpusde duM mounting substrate of cbim 21 of this invention is characterized 
by forming this substrate from the ceramic in saM cbim 1 thru/or orw Kght corpusde chiM 
mounting substrate of 12. 

[(X)34] b\ the light corpuscle chiM moisting substrate which makes optical connection with this 
optical waveguide of an optical functional part and the optical fiber which have an electronic 
circuitry for the light corpuscle chiW mounting substrate of cbim 22 of thb invention to carry 
out drive control of optical waveguide, a photo detector or/and a light emitting device, and saM 
light corpuscle child H is characterized by horizonul and having [ of saM optical fi«K:tional part ] 
the f3>er alignment section for positioning this opticsl fiber in the location which makes optical 
corw>ection of this optical fiber at said optical waveguide while having the criterb structured 
division for positionir^ perpendicubrty and carrying out insertion maintenance of saM optical 
fiber. 

((X)35] Moreover, the light corpuscle chiM mounting substrate of cbim 23 of this invention b the 
nunufacture approach of said light corpuscle child mounting substrate according to cbim 1 or 
22. tnd is characterized by fabricating using metal mold. 

[0036] Shaping according [ the manufacture approach of the light corpuscle chiM mounting 
subsuate of saM cbim 23 ] to saM meUl mold in the martufacture approach of the light 
eorpuscb chiM mourrting substrate of cbim 24 of this invention is characterized by being 
injection moMing. 

[0037] The manufacture approach of the light corpuscle child mounting substrate of cbim 25 of 
thb invention is characterized by shaping by said metal moM being transfer mol^g in the 
marHifscture approach of the light corpuscle chiM mocnting substrate of saM cbim 23. 
[0038] Moreover, the optical rrH>dule of cbim 26 of this invention is characterized by coming to 
moult an optical functional part and an optical fber in said optical mounting substrste accor^ng 
to cbim 1 to 22. 

[0039] The optical modLde of cbim 27 of this invention ia characterized by equipping saM opticsl 
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fiber wHh the optical connecter in the octicsl module of 5«id claim 26. 

[0040] Furthermore, the OQtic«l nxxlule of claim 28 of this inverrtion The height datum level 
established in the location separated fi-om the core section on said front face of optical 
waveguide in predetermined height while having optical waveguide and an electrode pattern, and 
ttw optical functional part which has the level criteria structured division prepared in the location 
which only predetermined distance separated from said core section. It has the level criteria 
structured (fivision for carrying out the height datum level and the horizontal position 
arrangement which determine tho height location of said optical functional part on a substrate. 
And the f3>er alignment section for positioning to the optical waveguide of said optical functional 
part in the location which makes optical connection, while carrying out insertion maintenance of 
the optical fiber. WhBe consisting of a light corpuscle child mounting substrate which has the 
electric wiring pattern prepared in the location which stands face to face against the electrode 
pad of said electrode pattern on said optical functional part and carrying out alignment of the 
level criteria structured divisions of said optical functional part and said light corpuscle child 
mounting substrate While the height datum level of said optical functional part and the height 
datum level on said light corpuscle child mounting substrate are contacted and the alignment and 
electrical irtstallation of said electrode pattern and said electric wiring pattern are reaKzed by 
this h is characterized by making the alignment of the optical fiber inserted in said fiber 
alignment section, and said optical waveguide. 

[0041] In the optical module of said claim 26. the optical module of claim 29 of this invention is 
characterized by becoming depressed in the location which takes a stand against said light 
corpuscle child, and preparing the section further, when it has the light corpuscle child as for 
whom said optical functional part does optical coupling to the optical waveguide of this optical 
functional part and this optical funetionai part ia positioned to said optical fSier to said li^ 
corpuscle tMd mourtting substrate. 

[0042] In the optical module of said claim 28. as for the optical module of claim 30 of this 
invention, the criteria structured diMsion for said optical functional part to be plurality and carry 
out the horizontri between these Kght functional parts and a vertical-position arrangement to 
said light corpuscle cMId moiaiting siAstrate is characterized by being prepared further. 
[0O43] The optical module of claim 31 of this invention is characterized by being the wall surface 
on which the level criteria strxjctured dwision of said optical functional part etched and produced 
the clad part of the optical waveguide of this optical functional part in said claim 28 thru/or one 
optical module of 30. 

[0044] The optical module of claim 32 of this invention is characterized by the level criteria 
structured ^vision of said optical functional part being the prt^eetion of the rib mold formed in 
this optical fimctiortal part in said claim 28 thru/or one optical module of 30. 
[0045] The optical module of claim 33 of tNs invention is characterized by said rib type of 
prqiection being the optical wavefuide formed in the rh mold of said optical functional part in the 
optical module of said claim 32. 

[0046] The optical module of claim 34 of this invention is characterized by the height datum level 
of said optical functional part being an exposure substrate side which the clad part of the optical 
waveguide of this optical functional part was removed to the substrate side, and was expued in 
said claim 28 thru/or one optical module of 30. 

[0047] The optical module of claim 35 of this invention is the stop side of a pair where tho level 
criteria structured division of said optical functional part was aslant formed in the clad part of 
the optical wsvegwde of this optical ftmctional part at the lonptucfinal direction of this optical 
waveguide in said claim 28 thru/or one optical module of 30. and the level criteria structured 
cfivinon of said light corpuscle child mounting substrate is characterized by being the stop side 
of the pair which contacts the stop side of the pair of said optical functional part. 
[0046] The optical module of claim 36 of this invention is ^laraeterized by arrangvig the stop 
side of the pair of said optical functional part in the line symmetric position to a shaft parallel to 
^e optical axis of the outgoing radiation light from said optical waveguide in the optical module 
of said claim 35. 

[0049] The optical module of claim 37 of this invention is characterized by fiUirtg up the gap of 
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[0067] In the light corpuscle child moiviting substrate of said claims 1 and 2, the optical fiber 
alignment slot and the electric wiring pattern are prepared in the place of a fixed stance from 
Hw horizontal and the perpendicular criteria structured division on a substrate. Moreover, w^ile 
preparing the horizontal and the perpendicular criteria structured division corresponding to the 
criteria structured division of the above-mentioned light corpuscle cMId mounting substrate on 
an optical functional part Since optical wavegiade and an electrode pattern were prepared in the 
place of predetermined distance from this criteria structured division Only by carrying an 
optoelectronic device so that each f»iteria structured division of a light corpuscle child ntountirtg 
substrate may be in agreement with the criteria strtictured division of an optical functional part, 
alignment with an optical fiber and aGgnment between the electrode of an optical functional part 
and the electric wiring on a light corpuscle child moulting substrate can be realized to 
coincidence. 

[0068] Said criteria structured division can consider the shape of a field, and the structure of 
linear and punetiform. That is, it positions by datum level, the datum Kne. and the reference 
point Datum level shows a flat surfeee or an aspect of affairs, the datum Kne shows the ridgeline 
section of pnyection structure, and a reference point shows the top-most'-vertices section of 
projection structure. The mark which was printed to a line or purtctiform as the datum line and a 
reference point in addition to these may be used. It is suitable when this mark performs 
positioning by the optical readout. Furthermore, punching may be used as the punetiform criteria 
structured division, h is contained in said datum line also when carrying out alignment accordng 
to the virtual side formed in the ridgeKne train of V typeface or wave structure. Moreover, it is 
contained also when carrying out aKgnment as said reference point along the virtual side formed 
of the array of the top-most vertices of a drill configuration. 

[0069} In the above, the level criteria structired <fivision of the above-men t io n ed optical 
functional part consists of a stop side of the pair which processed the optical waveguide clad 
part aslant, and the level criteria structured division on the above*>mentioned light corpuscle 
child mounting substrate is good also as one stop side corresponcftng to the stop side wMch is 
the level criteria structured dvision of an optical functional part Furthermore, two slanting stop 
sides of the above-mentiorted optical functional part may be arrarved to a line symmetric 
position to a shaft paraDel to the optical axis of optical waveguide outgoing radiation light 
[0070] if both the level criteria structured division (stop side) is contacted even if the dimen s ion 
of the level criteria structured division on a light corpuscle child mounting substrate and the 
level criteria structured division of an optical functional part wdl shift more slightly than a design 
vahie. if it does in this way, optical-axis doubling of optical waveguide and an optical fiber is 
realizable with a sufficient precisioa The reason is shown in <kmvmt. I . 

[0O71] In drawing, 1 . a shadow area corresponds to the criteria structured division of the optical 
functional part alpha and the light corpuscle child mounting substrate beta, respectively. First 
each edge of the optical fuKtional part alpha af>d the light corpuscle child mowiting substrate 
beta is exterxfed. arul a triangle ABC and a triangle DEF are considered. At this time, it is made 
in acreement [ inckide angles theta and phi ]. and a triangle ABC and a triangle DEF are designed 
so that it may become a triangle [ **** }. Then, if top-most vertices 0 are pressed in the 
drection of top-most-vertices A. the side AB. the side DE. the side OA. and the side FD are 
automatically in apeement Namely, it is in the condition whose criteria parts of alpha and beta 
corresponded. At this time, the straight lirte I shown in drawing and 1' are also in agreement friMn 
a triangle ABC tni a triangle DEF being triangles [ **** ]. Then, if the optical waveguide on beta 
is combined with the optical fiber put on the location which separated only d from I. it turns out 
that what is necessary is just to put on the place wtiere only d separated the location of the 
optical waveguide on beta from f. Therefore, even if there are two or more alignment parts, it is 
also clear that what is necessary is just to only adjust distartce spacing to the datum line. 
[0072] Next the case where orw of the criteria of the optical functional part alpha and the light 
corpuscle child nnounting substrate beta retreat uniformly from a desipi value on account of a 
making process is considered. The edge of the light corpuscle child mountir^ substrate beta 
showed the case where only distarrce w retreated to (b) of drawrig 1 . A triangle ABC newfy 
corresponds to triangle A'B'C However, in order to change uniformly, the property to be a 



said optical functiorul part and said light corpuscle child mounting substrate with the insulating 
resin for the ctesures in said claim 28 thru/or one optical module of 30. 

(0050] The optical module of claim 36 of this invention is characteriied by controlling invasion of 
the resin to a specific part by adjusting the maputude of said optical finctional part said Hght 
corpuscle child mounting substrate, tni a gap in the optical module of said claim 37. 
[0051] The optical module of claim 39 of tNs invention is characterized by filling t« transparent 
resin into said hollow section with insulation, and realizing a light corpuscle chilcfs closure in the 
optical module of said claim 29. 

[005^ The optical module of claim 40 of this inverttion is characterized by swd claim 26 thru/or 
one optical module aforementioned light corpuscle child mounting substrate of 39 consisting of 
synthelic-resin constituents. 

[0053] In the optical module of said claim 40. the melding shrinkage of said synthetic-restn 
constituent is 1\ or less, and the optical module of clavn 41 of this invention b characterized by 
that this contraction is isotropic or the ratio of the maximini of the vakie and the mirwnum value 
being t.S or less. 

[0054] fri the optical nrwdule of said claim 41. aaid synthetic-resin constituent uses 
thermosettirtg resin as a prncipal c omponent and the optical module of claim 42 of this 
invention is characterized by containing the inorganic filler. 

[0055] bi the optical module of claim 43 of this invention, it is characterized by said 
thermosetting resin being an epoxy resin in the optical module of said claim 42. 
[0056] The optical module of claim 44 of this invention is characterized by said inorganic filter 
being quartz powder in the optical module of said claim 43. 

[0057] In the optical module of said claim 40, said synthetic-resin constituent uses an 
amorphous polymer as a princ9«i component and the optical module of claim 45 of this 
invention is characterized by contMiing the inorganic filler. 

[0058] The optical module of claim 46 of this invention is characterized by said inorganic fillers 
bmng inorganic crystal powder, irtorganic glass powder, or such mixture in the optical module of 
said daim 45. 

[0059] The optical module of claim 47 of this imrention is characterized by said amorphous 
polymers beirtg polyether suiphone. polysulfone, polyether imide. or such mixture in the optical 
module of said claims 45 or 46. 

[0060] The optical module of claim 48 of this invention is characterized by forming said fight 
corpuscle child mounting substrate using a ceramic in said claim 28 thru/or one optical module 
of 39. 

[0061] The optical module of claim 49 of this invention is characterized by said fber alipvnent 
section serving as a cross-section V type in said claim 28 thru/or one optical moAjle of 48. 
[0062] The optical module of cbim 50 of tNs invention is characterized by said f3>er alignment 
section serving as a cylindical shape in said claim 28 thru/or one optical module of 48. 
[0063] The optical module of claim 51 of this invention is characterized by forming the 
attachment-and-detaehment structure which makes an optical fiber removable at swd fiber 
alignment section in said claim 28 thru/or one optical module of 48. 

[0064] Moreover, the manufacture approach of the optical module of claim 52 of thia invention is 
the rnanufacture approach of an optical module according to claim 25. 27. or 28. and after it 
connects said optical fiber while it mounts said optical fimctional part on said substrate, it is 
characterized by closing the upper part or the whole of said substrate by reski mold. 
[0065] 

[Embod im ent of the Invention] As mentioned above, in order to solve said technieal problem, it 
was maiie to complete by tNs irwention in precision with the aKgnmertt high only by carryirtg on 
the Bght corpuscle child mounting substrate which has the guide structure for simplifying 
positioning for a photoconductive wave circuit in connection tmth fiber connection, electrical 
connection, and the ck>sta-e. 

(0066] As that means, the structure of a Kght corpuscle chikf mounting substrata is indicated 
first and the configuration of the optical module usir^ tNs light corpuscle cNM mounting 
substrate is offered. Furthermore, these manufacture approaches are offered in tNs invention. 
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triangle [ **** / a triangle DEF ] does not change. Therefore, if inckide arvgles theta and phi are 
efiual. the location of a datum line I can make an optical fiber and optical waveguide in agreement 
[ wnthout changing ] like the above-nwntiorted. Moreover, it is the same even when the edge of 
the optical functiortal part alpha retreats, as shown in (c) of drawi ng 1 . 
[0073} Moreover, the transparent or opaque resin for the closures may fill u» the above- 
mentioned optical fijrtctiortal part tNs light corpuscle cNM mounting substrate, and a gap with 
insulation. If it does in this way. the closure to the optical fwtctional part which needs the 
closure can be reafized easily. 

[0074] In adtftion, the electric wiring pattern of the substrate described in daim 2 of this 
invention is used in order to usually perform the drive of the signal transduction and the photo 
detector to the electrical circuit components carried on an optical functional part or a Kght 
emitting device, artd a modulation. Loading of electric waing can make electric wriring form by 
various approaches, such as circuit formation by MID. when using the approach and iryection 
mokfing which really fabricwte leadframe structure and acquire it 

[0075} Moreover, although the fS>er alignment section in claim 6 of this invention is a cyKndrieal 
shape, as for this cylinder structure, it is desirable to consider as the cylinder which inserts an 
optical faier. performs alignment and has a slightly bigger diameter than the diameter of a fiber. 
Moreover, in order to insert a fiber smoothly, as for the inlet-port part whidi inserts the fiber of 
cylinder structure, it is desirable to constitute the guide of the taper configiration which has a 
quite bigger dwmeter than the path of a fiber. 

[0076] Moreover, as shown in claim 1 3 of tNs invention, more advantages are acquired by 
constituting the light corpusde cNId mounting substrate of tNs invention from a synthetic-resin 
constituent What is necessary is for thermopbstics and a thermosetting resin simple substance 
to also cfHitain the filler, and for the layered product of synthetic resin and other inpedwnts to 
be sufFiciervt as a synthetic-resin constituent here further, and just to dioose in consideration of 
the environment where a G^t corpuscle child mounting substrate is actually used. Generally, as 
for a fight corpuscle dtild mounting substrate, close dimensional accuracy, a resistance to 
envirorwnent (resistance over temperature, humidity, etc.). and fixed mechanical strength are 
required. Therefore, there is very Kttle deformation at the time of processing, end thermal 
resistance and moisture resistartce are NgK and it is required that it should have high intensity 
artd a rate of Ngh dastieity further. Deformation of the die shrinkage at the time of processing 
etc. is small, heat deflection temperature is more spectftcaOy high, it is an ingredient with a still 
smaller coefficient of thermal expansion, arKl it is important to choose the ingredient of the rata 
of high elasticity with Ngh intensity. For that it is desirable to use combining suitably various 
rehforced plastics and heat-resistant engineering plastics. In addition, although it is most 
ccMnmon to fabricate usirig the metal mold which carried out precision processing as for 
prf>duction of a substrate, it is also possible to machine and produce a plate to a predsion. 
[0077] As shown in claim 14 of tNs invention, the mdding shrinkage of said synthetic-resin 
constituent is 1% or less, and it is desirable isotropic or for the ratio of the maximum of the vahja 
and the minimum vakie to be 1.5 or less. K is that the die shrinkage produced as a more 
concrete mode of a synthetic-resin constituent which realizes dimensional accuracy which the 
light corpuscle child mounting substrate of this invention requires in case ^brication of the 
synthetic-resin constituent is carried out is small as much as possd>le. and there is (rttie the 
anisotropy. Generally, when using thermosetting re»n. the physical-properties vakie in 
connection wrtth shaping can be completely made isotropic, but when using thermoplastics, it is 
difficult to make isotropic completely the physical-pr o perties vakje in connection with shaping. 
However, when the anisotropy ratio of contraction constituted and used 1.5 or less resin 
constituent it was shown cleariy in this invention that the light corpuscle chiW mounting 
substrate of the outstanding property was obtained. Moreover, it was also shown clearty by 
making molding shrinkage into 1\ or less that a product with fittle dispersion in a dimension vakie 
could be obtained. 

[0078] Moreover, as a still more concrete configix^tion of said synthetic-resin constituent 
thermosetting resin was used as the principal component in claim 15 of tNs invention, and the 
configuration containing an inorganic filler was limited. As thermosetting resin in tNs 
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configuration. phenoJ resin. *n unsaturated polyester resin. »n epoxy resin. diaUyJ phthslate resin, 
silicone resin, melamine resin, etc. cen be mentioned. Moreover, as en inorBanic fiBer. talc. • 
mica, a calcium carbonate, day. an alumina, an alumina silica, a siKca. a zinc ocide. carbon, an 
alumtrum hydroaide, an asbestos fiber, a glass fiber, a carbon fiber, etc. can be merrtioned. 
[0079] Moreover, as shown in claim 1 6 of this ir*vention. more specificany, an epoxy res»i is used 
as thermosetting resin. An epoxy resin here has very little deformation at the tinrve of processing, 
and thennal resistarvce is high, and it is effective when realizing high intensity and the rate of 
high elasticity. The epoxy resin which spectficaDy consists of an epoxy resin precursor shown by 
1-29 from the following chemical formulas 1-1 and a curing agerft shown by 2-6 from a chemical 
formula 2-1 as such an epoxy resin is suitable. Here, as for the compounding ratio of an epoxy 
resin and a curing agertt. it is desirabte for the hydroxyl grotjgi of a curing agent to be 1 to the 
giyodyl group I in an epoxy resin. 
[0080] 
[Formub 1] 
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[0087] Moreover, ss for the addition of the quartz powder as on irrorganic filler (imited by claim 

17 of this inverrtJon. it is desirable that it is 30 % of the weight or more. 

[0088] Moreover, as limrted by claim 18 of this invention, as shown in claim 19. as such a 

macrontolecule. polyether sulphone. potysulfone. pofyether imide. or such mixture are desirable 

[ an amorphous polymer is also suitable as said synthetic-resin constituent, and ]. As said 

polyether imide. the polyether imide of the structure shovwi in 3-4 firom the foUowinc chemical 

formulas 3-1 can be used. Moreover, as said polyether sulphone. the polyether sulphone of the 

structure shown in 4-5 from the foOowing chemical formulas 4-1 can be used. 

[0089] 

[Formula 8] 
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[0090] 
[Formula 9] 




(4-1) 

(4-4) 
14-5) 



[0091] In addition, the optical connecter equipped with the optical fiber which constitutes the 
optical module of claim 26 of this irwention means preparing the structure where the compor>ent 
w^iich moirtted optical fibers, such' as MT. MU. MPO. and SC. can make optical connection to a 
tight corpuscle child moi«iting substrate in the trailer of optical f%>er. 

[0092] Moreover, accordirtg to the optical module of claim 29 of this irwention. only by doubfing 
the criteria strxjctLved division of a light corpuscle child mounting substrate, and the crtteria 
structured division of an optical fi«v:tiorul part, sirtce it becomes depressed and is arranged at 
the section, the condition which the light corpuscle child carried on the optical ^jrwtional part 
prepared in the Kght corpuscle child mounting substrate of having put the closure lid on the iight 
corpuscle cMId substantially is realizable. That is. fiber connection, electrical connection, and all 
the closures are realizable at the simple process of I time. 
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(0093] Furthermore, the l^^ci criteria structured tfivision of the above-mentioned optical 
functional part considers as twre slantinc stop sides which processed the optical waveguide clad 
part aslant, and the level criteria structured <fivision on the above-mentioned iight corpuscle 
child mounting substrate is good also as a slanting stop side correspondng to the stop side of 
said optical fixictional part. Moreover, two slanting stop sides of the above-mentioned optical 
functional part may be arranged to a line symmetric position to a shaft parallel to the optical axis 
of optical waveguide outgoing radiation light. 

(0094] Moreover, in this optical furwtional part and this light corpuscle child mounting substrate 
CJtcept the above-mentioned hollow section, and a gap. if filled I4> with the insulatir>g resin for 
the closures, the above-mentioned hollow section can realize a light corpuscle child's hermetic 
seal furK:ticn. Furthermore, this light corpuscle child's elosur« may be reaGzed by filling up 
transparent resin with insulation into the above-mentioned hollow section. If it does in this way. 
the closure effectiveness will increase further. 

[0095] Furthermore, accordint to the optical module of claim 30 of this invention, optical 
conr>ection between the optical wavegindes in two or more optical functional parts can be 

realized simple. 

[0096] Also in the optical module of this structure, the level criteria structured division of an 
optical functional part is made into two slanting stop sides which processed the optical 
waveguide clad part aslant and it is good also as a slanting stop side corresponding to the stop 
side of said optical functional part for the level criteria structured division on the above- 
mentioned Kght corpuscle child mounting substrate. Firthermore. two slanting stop sides of said 
optical functional part may be anvnged to a line symmetric position to a shaft parallel to the 
optical axis of the outgoing radiation light of optical waveguide. 

[0097] Moreover, what is necessary is just to fill vo the above-mentioned optical fur>ctional part, 
this light corpuscle child mounting substrate, and a gap with the insulating resin for the closures, 
when the closure is required. 

[0098] Moreover, especially the resin used for the resin mold used in the manufacture approach 
of the optical module of claim 52 of this invention is not limited, and the closure ingredient of 
various well-known electronic circuitries can be used for it. 
[0099] 

[Example] Hereafter, although the example of this invention is shown, it does rtot pass over 
these examples to the suitable instantiation for explaining this invention, and they do not limit 
this invention at all. 

[0100] (Example 1) The 1st example of this invention is shown in drawing 1 . It is constituted by 
the cortcave structure (criteria structured division) 12 which the optical mounting substrate 1 1 is 
what carried out mjection molding by one. ir>serts an optical fLVtctional part in drawing 2 . and 
carries out positioning immobilization, the V slot (fiber alicnment section) 1 3 and 1 3' which carry 
out alignment mairttenance of the optical fiber which outputs and inputs light to this optical 
functional part, and can connect with an optical functional part and the crevice 1 4 and 1 4' which 
carry out receipt immobilization of the covering section of the optical fiber tape of muiticore. 
[0101] A metal mold specification and injection-molding conditions are shown in Table t and 
Table 2. Moreover, the resin used for shaping is a quartz content epoxy resin. The presentations 
of this epoxy resin were the phenol novolak moid epoxy resin 100 weight section, the phenol 
novotsk resin 45 wei^tt section, the hardening-accelerator 15 weight section, and the silica 
powder 700 weight section. Here, by the V slot 13 and 13' setting width of face of 40.3 
mii^-ometers. the channel depth of 121.5 micrometers. 60 slot include angles, and slot spacing to 
250 micrometers, and setting dimensional aca««cy of shaping metal mold to ^0.1 micrometers, 
that K was optical and wf>en mechanical measurement was carried out the necessary 
configuration was producible in 1 -micrometer precision. Moreover, molding shrinkage was less 
than 0.1%. 

[0102] In adtfition. although well-known ingredients, such as imidazole derivatives, the ORGANO 
phosphine compound, a wea derivative, and a phenol novolak salt can be used for a hardening 
accelerator, the ingredient which raises the stability near [ injection molding of becomes 
possible ] too degree C is desirable. 
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[0105] Moreover, the height of a flat part and a guide rail flat part was also able to be doubled in 
the precision of less than 0.5 micrometers. That is. the concave structure 1 2 is produced with 
the dimensional accuracy of **1 micrometer with the V slot 13 and 13*. and can be fabricated 
according to the dimension of the optical I/O part of the optical functional part inserted \n 12. 
[0106] This optical mounting substrate could also produce transfer molding in the same 
precision, and the differer>ce was not accepted in that function. 

[0107] This example explains the mounting process of the concrete optical mounting substrate 
11. h has checked that the optical f3>er tape 16 of the 4 hearts and 16' were connected to the 
both ends of the optical functional guided wave circuit 1 5 produced with the giant-molecule resin 
ingredient by this example, and an optical mourtting substrate could be produced simple. 
[0108] First the optical functional guided wave circuit 15 is inserted in the concave structure 12 
of the optical mounting substrate 1 1 . and adhesion immobilization is carried out. 
[0109] Next covering of the edge of two pairs of optical fiber tapes 16 arxJ 16' is removed, and it 
aligns at the V slot 13 of an optical fft>er. and 13'. arKi holds. 

[01 10] Then, two pairs of optical f^r tapes 16 and 16' are pressed down, and it hoMs down and 
fixes to the V slot 13 and 13' from the upper part by the lid 17 and 17'. 

[01 1 1] Although the quality of the material of the presser-foot lid 1 7 and 1 7' can use glass, a 
quartz, a metal, etc. Use the presser-foot lid fabricated in this example by resin, and. as for this 
presser-foot lid 1 7 and IT. the minute height 18 and 18' are prepared in the both-sides wall. H 
has tlie minute orwicB 19 currently fabricated by the both-sides wall inaide the optical mounting 
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substrate I'l. and structure which fits into 19', and the optical fiber tape 16 and 16' can be 
positioned easily. 

[0112] Moreover, since positioning of an optical fiber is ensured at this presser-foot lid 1 7 and 
17*. four minute heights 20 are also produced in the direction which met the optical fiber, and an 
optical fa>er can be fixed easily. 

[01 13] However, even if such mirHite heights 20 are not arranged, since the V slot 13 and 13' are 
produced with a sufficient precision, fundamentality ability is not spoiled. 

[0114] Although the optical fiber tape 16 and 16' could also be considered as immobiSzation only 
by fitting of this presser-foot lid 1 7 ar>d 1 7'. in order to secure dependability, by this example, it 
certainly fixed with the adhesives of heat curing. 

[0115] Heat-curing conditions were made into 90 degrees C. 2 hotrs (primary hardening). 140 
degrees C, and 3 hours (secondary hardening). 

[01 16] In addition, ultraviolet-rays hardening resin can also perform immobilization of the optical 
fiber tape 16 and 16' by producing the presser-foot lid 17 and 17' by transparence resin. 
[01 17] Thus, connection of an optical fiber tape was easily (wmpleted quickly correctly and 
certainly by using the optical mounting substrate 1 1 . 

[0118] In this way. the eormection loss property of the produced optical mounting substrate was 
an average of S.ldB. and since it was passive aliprwnent compaction of large worfung horn was 
possible for it. 

[01 19] As a result of giving the ctosure by resin to the optical whole mounting substrate after 
the above-mentioned optical fiber immobilization and a hlgh-humidity/temperature trial (70 
degrees' C. 9(A's) investigating connection dependability, even if 2(XX) hours passed, degradation 
of connection characteristics is less than 1 0%. and has checked sufficient dependabiKty. 
Moreover, the same dependability was checked even if it carried out packaging of the optical 
whole mounting substrate by resin mold instead of the resin seal. 

[0120] (Example 2) The 2nd example of this invention is shown in dratwing 3 . In this example, the 
minute height 16 and 16' were omitted in the pressei— foot lid 17 of an example 1. and 17'. the 
optical fiber tape 16 and 16' were pressed down by the metal spring components 50 ar>d 50'. and 
this example has also obtained the result completely same about a connection loss property or 
dependability as an example 1. 

[0121] That is. in the presser-foot lid 17 and 17'. the mir>ute height was not prepared in the 
both-sides wall, but the optical fiber tape 1 6 and 1 6' were pressed down with the optical 
mounting substrate 11. and a lid 17. the metal spring components 50 put between 17'. and 50' 
are prepared. The spring device was prepared in this metal spring component SO and the inside 
of 50'. and accortfing to the ebstic spring force, the optical fiber tape 16 and 16' were pressed 
down with the optical momting substrate 1 1. and it fixed between a lid 17 and 17'. 
[0122] Other configurations are the same as that of the example 1 mentioned above, fri addition, 
the same result was obtained even if it used o-cresol novolak resin instead of phenol novotok 
resin as the material of construction. 

[0123] (Example 3) This example is the case where the optical furtctionsi guided wave crcuit of a 
quartz system is used as an optical finctional part in the case of an example I. and the above- 
mentioned example t. an example 2. the same connection loss property, and the dependability of 
an optical mounting substrate were checked. In addition, the same result was obtained even if it 
used o~cresol novolak resin instead of phenol novolak resin as the material of constnictiort. 
[0124] (Example 4) The 4th example of this invention is shown in dra wmg 4 . The Optical I/O 
edge of tKs example of an optical functional part is the case of only a piece edge. 
[0125] in drawing 4 . although constituted by the concave structure 62 wMeh the optical 
motfiting substrate 61 inserts an optical functional part lite an example 1. and carries out 
positioning immobaization. the V slot 63 which makes maintenance aUgnmcnt conrwction of the 
optical fber. and the crevice 64 which contains the covering section of the optical f9>er Upe 16 
of muiticore. and !s fixed, the V slot 63 and crevice 64 which fix an optical fUbmr are formed only 
in one end. In adtftion. the material of construeb'on is the same as that of examples I. 2. and 3. 
[0126] The producing method and dmensional accuracy of an optical mounting substrate are 
completely the same as that of an example t. The optical functional part 65 is a hybrid Kght 



functional part which loaded together semiconductor laser (LD) and the photodtode which 
detects a sigrtal at the photodiode (PD) list for monitors of a semicor>ductor laser output in the 
quartz system light fur>ctional guided wave circuit and the optical I/O serves as only one end. 
(0127} The mounting process is the same as that of the case of an example 1. and the same 
conr>ection k>ss property and the depertdability of an optical nxiunting substrate were checked 
also in this case. 

[0128] Moreover, even if it was the combination of a simple semicorxluctor laser and a simple 
photodiode without the optical functional guided wave circuit used by this example, the so-called 
transceiver, and an optical functional-part module according to individual, it was checked that 
modularizations, such as connection mounting of an optical f^r and the closure, are made easily 
for a short time. 

[0129] (Example 5) Drawin g 5 shows the 5th example of this irrvention. The description is in this 
example to form the optical functional part 65 for semiconductor laser array 65a and electrode 
6Sb on Si substrate. The configLiratJon of those other than this is the same as that of said 
example 4, and the material of construction and the manufacture approach of it are the same as 
that of an example 4. 

[0130] (Example 6) The optical nwdule concerning the 6th example of this irrvention is shown in 
drawing 6 and drawing _7 . 

[0131] As shown in draw ing 6 . the optical module of this example is inserted in the optical 
motnting substrate 21 wMch carried out injection moldwig by one. and this optical mountir« 
substrate 21. and consbU of an optical functional part 22 wtuch carried out adhesion 
immobilization. 

[0132] light — mounting — a substrate — 21 — drawin g 7 — being shown — as — positioning 
— fixing — a crevice — structLre (criteria str\>ctured division) — 23 — an optical fiber — 
alignment — maintenance — connection — it can do — V — a slot (fiber alipwnent section) — 
24 — 24 — ' — muiticore — an optical fiber — a tape — covering — the section — receipt — 
fixing — a crevice — 25 — 25 — ' — firther — a crevice — structure — 23 ~ havirw 
prepared — being excessive — adhesives — containing — a sake ~ • slot — 26 — 26 — ' — 
26 — " — constituting — having — . 

[01 33] The metal mold specification and injectiorr-m o M mg conditiora for producing the optical 
mounting substrate 21 applied the conditions of the abovfrmtentioned table 1 and Table 2 as 
they were. Moreover, the resin used for shaping is a quartz content epoxy resin. 
[01 34] Here, the slot 26 for eontwiing excessive adhesives established in the crevice stmctire 
23, 26'. and the dimension of 26* are 300 micrometers in width of foce of 200 mi c rometers, and 



[0135] V slot was able to produce the desired configuration in *»1 -mi cr ometer precision, when 
121.5 micrometers aruf a guide rwl include angle set guide rail spacing to 250 micrometers 60 
dep-ees and width of face of 140.3mm artd the guide rail depth set shaping metal mold 
dimensional accuracy to ••O.I micrometers. 

[0136] That b. the concave configuration 23 is produced with the dmensionsi acetracy of 1 
micrometer with the V slot 24 and 24'. and can be fabricated according to the dnnension of the 
optical I/O part of the optical functional part 22 inserted in the concave configuation 23. 
[01 37] The macromolecaile light components concerning this example are produced by the 



[0138] Frst. the optical functional part 22 is carried in the optical mounting substrate 21 shown 



[0139] Here, the optical fiirtctiortal part 22 is the macromoleoule optical waveguide eonuining the 
star coupksr of 4x4. 

[0140] After ttus maeromoleeule optical waveguide formed the macromolect^ opticat waveguide 
circuit which consists of a core and a clad on the substrate which is a farnHBie thing artd has •• 
in the msximwn upper layer, it was immersed in the hydrochloric-acid water solution, and 
produced the maeromoleeule photoconductive wave circuit part based on the approach of 
exfoKating from a subsUate { Japanese Patent Application No. No. 127414 [ seven to )}■ 
[0141] Core materials are Oeuteration PMMA and the dad was prodLwed using UV hardening 
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epoxy resin. 

[0142] Core size is 75 microfneters up to the core core frooi AO-micrometer angle and a ctad 
base, and the whole thickness is 150 micrometers. 

[0M3] -5micromcter**3m»CTometer and the dteHength directioo are cxrt ( this macromolecuie 
optical wrsvefuide ] into - 1 0«crometer**5m»crometer magnitude for wndth of face from the 
crevice of the optical mot#»ting substrate 21. 

[0144] Neirt. UV hardening actwsrves are inserted from slot 26'. and width of face and do length 
make contact to push, the macromolecuie wavecuide 22. and the crevice of the optieal moulting 
substrate 21 denser than this lightly from • top by the piece of a metal smalt 1mm from on this 
macromolecuie waveguide 22. 

[0145] At this time, excessive adhesives flow into 26 or 26' of slots, and do not turn to V 
Mizobata surface part 

[0146] Then. LFV light is irra(£ated for 5 minutes and the macromolecuie light components of this 
example are completed. 

[0147] thus, the property of a request of the produced giant-molecule light components — with, 
it checked by the following approaches that optical mo««iting comportents were connectable with 
the optical f3>er tape of the 4 hearts, and producible simple. 

[0143] That is. covering of or»e pair of optical fiber tape edges is removed, and it aligns at the V 

slot 24 and 24'. and holds. 

[0149] One pair of f3>er tapes press down the V slot 24 and 24' from a top with a gbss pressor^ 
foot lid. slush UV adhesives into V $k>t and carry out adhesion immobilization with the optical 
mounting components of this example equipped with polymer waveguide. 

[0150] Even if it did not perform special afignment actuation at this time, the optical axis of the 
core of polymer waveguide Bn6 the core of a fiber tape was mostly in agreement, when loss of 
connection was evaluated using the laser light source and the photodiode vAich have the 
wavelength of 0.85 micrometers, connection loss is about 0.5dB and the easy corviection with a 
low loss fiber of it was attained. 

[0151] (Example 7) The macromolecuie light components concerning the 7th example of this 
invention are shown in {fc-avwn g 8 . 

[0152] The macromolecuie light componerrts of this example consist of rrtacromolecule 
waveguide 28 which inserts in the optical mounting substrate 27 vwhich carried out injection 
molding by one. and this optical mounting substrate 27. and has 2 sets of dichotomy waveguides 
which carried out adhesion immcbiiization. 

[01 53] This optical mounting substrate 27 is the same as that of what is shown in drawing . 7 , 
and was produced by the same approach as an example 6. 

[01 54] The macromolecuie light c o mponents conceming this example are produced by Oie 
mounting process shown below. 

[0155] First, the macromolecuie waveguide 26 which has 2 sets of dichotomy waveguides is 
carried in the optical mounting substrate 27. 

[0156} Here, after optical waveguide formed the macromolecuie photoconductrve wave cirourt 
which consists of a core and a clad on the substrate which is a filmHike thing and has copper in 
the maximum upper layer, it was immersed in the hydrochloric-acid water sohitiorx. and produced 
the macromolecuie optical waveguide circuit part based on the approach of exfoliating from a 
substrate (Japanese Patent Application No. No. 127414 [ seven to ]). 

[0157] Core materials are Deuteration PMMA and the clad was produced usin^ UV hardenvig 

epoxy resin. 

[01 58) Core size is 75 micrometers up to the core core from 40-micrometer angle and a clad 
base. ar>d the whole thickness is 1 50 micrometers. 

[0159] -5micrometer**3micrometer and the cfie-length directioo are cut [ this macromolecuie 
optical waveguide ] into - 1 0micrometer**5micrometer magnitude for width of face from the 
crevice of an optical mounting substrate. 

[0160] Next. UV hardening adhesives are inserted from slot 29'. and width of face and (Se length 
make contact to push, macromolecuie waveguide, and the crevice of the optical mounting 
substrate 7 denser than this lightly from a top by the piece of a metal small 1mm from on this 
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by etching. Base 31-)0a which slanting stop side 31-10b of this part functioned as a level datum 
plane of the optical fur>ctiof«l part 31. and was removed by etching functions as a height datum 
plane. The distance and the height from these height dattm level to an optical waveguide core 
core are determined in generai in I -micrometer precision to a predetermined vakie. Moreover, 
the physical relationship of the pad of the electrode paUem 31-32 and level datum level is also 
determtrwd in general in 1 -micrometer precision. The main components on the light Corpuscle 
child mounting substrate 33 and an optical fLnctional part (namely, the optical fiber alignment 
slot 33-1, the electric wiring pattern 31-4. the optical waveguide core 31-1. lead 33-30) are 
determined with a sufficient precision as the predetermined desipi vakie to the height and level 
datum level which were established in each as mentioned above. 

[0173] The alignment approach using the above element is shown in drawing 1212 . «>^awing 13 . 
thawing 14 . Drawin g 12 is [ the plan and drawin g 14 of the perspective view near the datwn 

level and drawing, 13 ] the side elevation. 

[0174] In this example, the both er>ds of the optical waveguide core of an optical functional part 
were processed aslant, and it has arranged so that slanting stop side 3 1-1 Ob may become axial 
symmetry to a shaft parallel to the optical axis of the outgoing radiation light of optical 
waveguide. Although the case where an axial symmetry shaft and an optical axis are in 
agreement is shown in drawing since it is still easier, it does not necessarily make to be in 
agreement into requirements. Since a clad part will only be equally deleted even when there is 
superfluous etching if it carries out like this, the imperfect alignment of optical waveguide does 
not happen to an optical axis. According to 31-10. slanting processing of NOJJI 33-10 for 
alignment to the light corpuscle child mounting substrate 33 was carried out It is clear that this 
also has the same effectiveness as the case of an optical waveguide substrate. 
[0175] Alignment of optical waveguide 31-1 and the optical fiber core 32-1 is performed using 
the above structure. The alignment by horizontal level datumHevel 31- 10b and 33- 10b is showwn 
in drawing 13 . Optical waveguide, height datumHevel 31 -10a of the light corpuscle child 
mointing substrate 33. and 33- 10a are pressed, it lets an optical waveguide substrate slide 
ahead, and horizontal alignment is performed. It has structLre whose optical axis of optical 
waveguide 31-1 corresponds with the core of the fiber alipiment slot 33-1 in the place which 
level datixn pbnes contacted and fmally settled down by this, if an optical fiber 32 is set by the 
fiber aligrvnent sk>t 33-1 at this time, the alignment within the horizontal plane of optical 
waveguide 31-1 and the optical fiber core 32-1 will be completed automatically. 
[0176] The aUgnment by height datum-level 31 -10a and 33-IOa is shown in dr awin g 14 • tf height 
datum-plane 3I-10b of optical waveguide 31 and the light corpuscle child mountirtg substrate 33 
and 33-IOa are pressed, the physical relationship of the height of the optical f3>er 32 put on the 
fiber alignment sk»t 33-1 and the height of optical waveginde will be decided. If the distance from 
the height datum plane of the optical waveguide core 31-1 is beforehand made in agreement with 
the disunce of the optical fa>er core 32 to height datum-plane 31 -10a based on tKs. the height 
of the optical fOntr core 32-1 and the optical waveguide core 31-1 ia In agreement. Furthermore, 
electric corwiection can be easily obtained by makirtg the electric pad which counters to optical 
waveguide 31 and the Rght corpuscle cNId mounting substrate 33 to optical waveguide including 
an electrical circuit Gke the example shown by doming 9 , dnrwing.lP . and drawinf II . and using 
electrode ejection strxicturcs. such as the sdder bump 33-5. And since alignment precision is 
the procision of about 1 micrometer, mounting «rith this gestalt is easily possible for it also to 
the optical waveguide in which the detailed electrode pattern was formed. 

[01 77] Although it is performed by holding this conditton. immobilization of the optical functional 
part to the light corpuscle child mounting substrate top which used the solder bump in this 
example is advantageous at the point that this maintenance process can be skipped, if a solder 
bump is used, until it is in the condition which compared flatim level, it attaches actie»ves or 
solder and aihesives or soMer hardens. The reason is shown in drawing 15 (a). 
(01 78] Drawinc^S (a) is the sectional view of the joint of the light corpuscle child moiaitirv 
siAstrate 33 and the optical fvtctional part 31 which the solder bunv 33-31 took the side of. 
Optical waveguide, the optical fiber, the ight eorpusde child, etc. omitted illustration. Moreover, 
although it b running aslant to the optical axis and level datum level was with the perpendicular 



macromolecuie waveguide 28. 

[0161] At this time, excessive adhesives flow into 29 or 29' of slots, and do not turn to V 
Mizobata surface part 

[0162] Then. UV It^ is irradiated for 5 minutes and the macromolecuie light convonents of this 
example are completed. 

[0163] thus, the property of a request of the produced giant-molecule fight componenu — with, 
it checked by the foOowing approaches that optical mounting components were connectable with 
the optical fiber tape of the 4 hearts. ar>d producible simple. 

[0164] Namely, an input side is connected with the core of the giant-molecule waveguide of the 
input side of dichotomy of two optical fbers by the side of a core among the 4 hearts, and. as 
for the output side, four optical fibers are connected with four cores of the giant-molecule 
waveguide of an output side. 

[0165] In other words, covering of one pair of optical f9>er Upe edges is removed, and it aligns m 
V slot and holds. One pair of fber Upes press down V slot from a top with a glass presser-foot 
lid. skish UV a^sives into V slot artd carry out adhesion immobilization with the optieri 
mointing compone nt s of this example equipped with polymer waveguide. 

[0166] Even if it did not perform special alignment actuation at this time, the optical axb of the 
core of polymer waveguide and the coro of a fa>er tape was mostly in agreement when loss of 
connection was evakiated using the laser li^t source and the photodiode which have the 
wavelength of 0.85 micrometers, connection loss is about 0.5dB and the easy connection with a 
tew tess fiber of it was attained. 

[0167] Moreover, to two waveguides of a dichotomy component, it also checked that the Gght of 
an input had branched to about 1 to 1 . 

[0168] Although the case of the branching wavegtade or the star coupler which is concerned, 
branches and joins wavelength in light that there is nothing was mentioned as macromolecuie 
optical waveguide in the two above men t ioned examples, it is clear that photoconductive wave 
circuits which have the so-called branching and a multiplexing hmction. such as a Mach-Zehnder 
interferometer with a wavelength dependency strong against branchnng / uniftcation property and 
array lattice type waveguide, may be carried. 

[01 69] (Example 8) Drawin g 9 . cfc-awing 10 . and drawin g 11 are the perspective views of the 
optical mo<kjle using the light corpuscle chiki mountaig substrata and it which are the 7th 
example of this inventiorv The material of construction is the same as that of an exanvie I. and 
was fabricated with iriiection mokfing. AU dimensional accuracy was less than e^l micrometer. 
[0170] Among cfc-awing. 33 are a light corpuscle child mot«iting substrate, and consist of a guide 
33-10 of the shape of the fiber alipiment slot 33-1 and NOJJL and lead 33-30 which used the 
leadframe as electric wiring here. In top-fece 33-IOa of a NOJJI-like guide, height datumHevel 
and slanting side-face 33-1 Ob is level datum level (stop side). The location and dimension of the 
fiber alipvnent slot 33-1 are set in general as the value predetermined in 1 -micrometer 
precision to height datumHevel 33-IOa and level datum-level 33- 10b. Therefore, if an optical 
fiber 32 is inserted all over the fiber aEgnment slot 33-1. the location based on ( of an optical 
f3>er 32 ] cores can be determined in general in 1 -mi cr ometer precivon to each of height 
datumHevel 33-IOa and level datum-level 33-1 Ob. 

[0171] 31 is an optical functional part and. specificany. the quartz system optical waveguide 
which consisu of an optical waveguide core 31-1 and a clad 31-2 is formed on Si substrata, h 
this example, the optical wraveguide core 31-1 constitutes a straight-line circuit, and aerves aa a 
laser beam module with which the laser diode 31-3 was carried in the li^t eorpusde child 
loading section which et^ed 31 to clad 2 part and was removed in part. Furthennora. the 
electric wiring 31-4 for driving a laser diode 31-3 is formed in a substrate front face, and the pad 
for t^g the Kght corpuscle child mounting substrate 33 and electric connection is prepved ei 
the point of electric wiring. The land 31-5 for heat dissipation for missmg heat to the Kght 
corpuscle child mounting substrate 33 is formed in the remaining part. The physical relationship 
with the connection pad of this electric wiring pattern is set in gerteral as the vakie 
predetermined in the precision of 1 micrometer from level datum-level 31 -10b. 
[0172] The cbd near the eilge of an optical waveguide substrate b aslant processed by removing 
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wall in the example, the mere perpendicular w^ expressed that it is intelligible. ABgnment usv« 
the light corpuscle child mourrting substrate 33 is performed by forcing the optical functional part 
31 in the direction of space lower part right-hand side to the mounting substrate 33. and dashing 
datumHevel 31-10a:33-10a and 31-10b:33-10b. If the solder bunv 33-31 is used, win form the 
electrode pad of U>e mountJr^ substrate 33 in the direction of space right-harKf side to the 
electrode pad of the optical functional part 31 beforehand, and the amount of solder will be 
adjusted. When solder pulled the pad of the optical functional part 31 downward and solder b 
fused, as shown in drawing 15 (b) and (c). the optical functional part 31 wiU be automatically 
forced in the direction of space kiwer part right-harxt side by the effectiveness of surface 
tension. If solder b cooled in this concfition. even if it will not hold the optical fwictional part 31 
with mounting equipment etc. it becomes fixable where datum level b compared. Here, since the 
effectiveness of surhce tension can be controlled [ even if it uses a solder bump ] if optical 
waveguide is heU with mounting equipment etc. although it thinks an electric pad. when a aolder 
bump's f^figuration b unsuitable, or abo wtien a soUer bump's front face oxides and surface 
tension is not effective, it can mount easily. 

[0179] Although sbnting level daUan level was used to the optical axb in this exanvle. if paraBel 
level datim level b to an f>ptical axis on optical waveguide and a Kght corpuscb child motaitir« 
substrate, the horizontal optical axb of optical wavegwde and an optical fbcr can be easily 
adjusted also by aifiusting the dbtarHse of them, optical waveguide, and optical fiber aKrwnent 
structure with a sufficient precision. 

[OIBO] The optical module shown in dravwng.lO . drawin g 11 and d:awmg_i2 . drawin g 13 . and 
A-awing 1414 b an optical module after the assembly completion which used the optical fiber 
fixe« method of a pig taele mold. After putting an optical fber 32 on the fiber afi^wnwit section 
33-1 on the Kght corpuscle chid mounting substrate 33. on the optical fiber 32. atftiesives 34-1 
wero carried, it fixed, and the covering part of an optical fiber was further fixed to the light 
corpuscle ohiM mounting substrate 33 with atfiesives 34-2 for reinforcemenL Although optical 
waveguide 31 was not shown in drawing, it was fixed by the adhesives applied to the he^ 
datum plane 33-10 very thinly, and the soWer bump 33-31. At this time, optical waveguide 31 b 
forced rightward [ apace ] and it fixes to the light corpuscle chikf mounting substrate 33. If it 
carries out like this, as stated in the top. alignment is made in optical waveguide, height and a 
horizontal plane, and as a cross section shows to clawing 1 1 , it can fix without a kicetion gap. 
[0181] Drawir^ 16 and drawing 17 are the optical modules of the type which inserts an optical 
fiber bter. The condition arwi dniwing.n which drawin g 16 assembled are the sectional view. In 
thb case, the presser-foot pbte 35 with a V proove set by the f9»er dimertsion b fixed on the 
fiber aKgnment section 33-1, and the structure of the shape of a hole «vhk:h guides a fiber 32 b 
estabKshed. thus, it b the need when it carries out — by the way. an optical fber 32 can be 
inserted aO over a slot 33-1. end optical coupling with optical waveguide 31 can be obtained. In 
thb example, since an optical fiber was fixed, the hook 36 was atUched in the optical fiber and it 
was made the structure where an optical fiber 32 could be taken out and inserted (attachment 
and deUchmenO. using the light corpuscle child mounting substrste 33 which has the projection 
33-6 which carries out checking and verifying to this hook 36. 

[01S2) (Example 9) Drawing IB b the exan^ of the gestalt which pours in resin further between 
the optical waveguide substrate 31 tnd the fight corpuscle child miM«itir« substrate 33 as 
closure structure of an optical module. Such a closure method is effective when performing the 
closure for protection, such as an electrode and electric w«-ir>g. Because, in order to heighten 
the elostre effectiveness, it b so desirsble that the cross section of a resin layer is smaU. Since 
there b some moisture permeability in resin, this b because a water molecule becomes essy to 
invade as the case where the cress section of a resin layer is large. In this inventiorv sirtce the 
Kght corpuscle chtM mounting substrate 33 also plays the role of the lid of sn optical functional 
part substantially, resin thickrMss made to trespass upon a gap can be made th'n. For thb 
reason, even if the optical module of this invention is the closure which used resin, it becomes 
possble [ demonstrating very high dependability ]. As resin for the ck>SLres. opaque resin can 
also apply transparent resin, and in using especblly uansparence resin, it slushes even into the 
COnrwction of an optical fiber and optical waveguide, and it also becomes possible to achieve the 
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function of »n index matchinf agent to the closure and coincidence. TNs example was shown in 
drawing 19 . 

(0183] Moreover, drawing 20 is the example of the optical module of a confisurstion of havtr>g 
made K resin not enter a p«rt of gap in the closure gestalt which pours in resin between the 
optical waveguide substrate 3 1 and the tight corpuscle child mourrting substrate 33. In this 
example, sake [ affinity-/ the optical waveguide substrate 31 and the Kght corpuscle child 
mounting substrate 33 / resin ]. the property wrfwh clostre resin deforms into a configiration to 
which the part with which atmospheric air is touched accorcfing to the effectiveness of surface 
tension becomes small automaticaDy «vas used. That is. it is the structu-e which controls the 
infkJi of closure resin by giving the structure 33-40 which makes targe the gap of the optical 
waveguide substrate 3 » and the light corpuscle chiW mourrting substrate 33 with a keen level 
(fiffererwe to the light corpuscle child mourrting substrate 33 or optical waveguide 31. Here, if 
there is sufficiently little compatibility of the resin to a front face even if this effectiveness is 
not atmospheric air. it will be realized always. By this approacK it carvwt turn aro«x»d closure 
resin to the optical components 31-6 wtwch are easy to be inf)uer>ced of stress from that 
configuration like the case where closure resin warrts to contact a Bght corpuscle child from 
relation, such as a refractive index, and the film-iaie Kght components 37. Although it took into 
consideration also *when an optical module was heated, and not shown in ck^awing in this example, 
the light corpuscle child mountinc substrate of the structure wfiere the part pinched by resin 
leads to the open air was used usng the sbt 33-5 for st^Mtrate handling which showed that the 
cavity surrounded by resin was formed ad over a gap to drawing 9 R> 9. drawwi g 10 . and ckaw jng 
11 in order to avoid. 

(0184} (Example 10} Drawin g 21 shows the 10th example of this invention. The difference 
between this example ar>d examples 8 and 9 is to have prepared the positioning datum level to 
two or more optical furtctional parts on the light corpuscle child mounting substrate. 
[0185] An optical fiber 32. optical functional-part 31-a by Y branch optical waveguide, and 
optical functional-part 31*^ are carried in K^t corpuscle child motnting substrata 33-a and 33- 
b. respectively, and. specifically, the positioning datum level 33-10 to two components which 
connected the optical fiber 32 is formed on the light corpuscle child mounting substrate 33. The 
alignment between the optical waveguides prepared in both comportents is realizable by acfiusting 
each other these and the positioning datum level 31-10 established in optical finctionaf-part 31- 
a and 31 -b. Ftnthermore. in this example, among both components, the positioning datum level 
on a Kght corpuscle child mourrting substrate is formed so that a gap may open, and it is made to 
have put on both sides of the BimHdte compor>ents 37 in the meantime. Here, the fibn-Bie 
components 37 are the light wave length filters by dielectric multilayers. 

[0186] in addition, although only optical waveguide is prepared in the optical functional part in 
this example since it is easy, and it ilkistrated only near the joint of optical components, like 
examNes 8 and 9. the electrode pattern and the semi-conductor Kght corpuscle chad aro carried 
in the optical functional part, and the electric wiring pattern and the hollow section 
corresponding to these may be prepared in the light corpuscle child mounting substrate. 
Fiathemtore, the optical fiber alignment slot to these optical functional parts may be prepared. 
[0187] Thus, according to this invention, in manufacturing a large-scale optical module combining 
two or more optical functional parts, all aUffriment between the semi-conductor light corpuscle 
child - hollow sections can be realized between electrode pattern - electric wiring patterns 
between optical waveguides - between an optical fiber - optical waveginde by stSusting the 
positioning datum level on a light corpuscle child mounting substrate, artd the positioning datum 
level on an optical functional part each other. 

(0188] (Example 1 1} In the above-mentioned examples 8-10. the horizontal position arrangement 
datum level established in botfi was established in the horizontal alignment of an optical 
functional part and a Kght corpuscle ch3d mounting substrate, and it was carryhg out by these 
contact However, horizontal aKgnment has a method of using the horizonUl position 
arrangement marti other' than this way. Drawin g 22 is drsvinhg having shown this approach, and 
the level reference mark (punctifbnn level criteria structured division) 31-11 is formed on height 
datum-level Sl-lOa of the optical functional part 31. Moreover, the level reference mark 
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O.ldB or less, and it has checked that precise alignment was realized. 

[0200] (Example 13) The ingredient configuration and the manufacture approach are shown to 
the light corpuscle child mounting substrate 33 of the stricture shown in drawing 25 . In the Kght 
corpuscle child mourrting substrate 33 shown in drawing, the single mode optical waveguide 
components 31 can be positioned by two datum level (field wNch connects a flat SL>^ace with 
the optical waveguide components 31, comects the ridgeline 70 of V configuration at the bottom 
with a substrate 33. and is made) which faces. Here, both sides are formed in the precision so 
that the relative-value relation of the part and the optical input core location which define the 
datum reference of single mode optical waveguide components, and the datumHevel location on 
the substrate which faces may be mutually in agreement. To aim at precision and to become less 
than «*0.5 microns to a location is demanded. 

[0201] (i) Ingredient phenol novolak mold epoxy resin; syrrthetic-resin constituerrt containing the 
100 weight sections, the novolak mold phenol resin; 100 weight section, the hardening- 
accelerator {2, 4-toJylene diisocyanate. dimethylamine addition proilucthlO weight section, and 
the silica particle (mean particle diameter of 30 microns or less):600 weight section. 
[0202] (ii) Metal mold hardened steel was processed into the precision, and dimensional accuracy 
was processed even into **0.1 microns. 

[0203] (iii) The shaping above-merrtioned constituent was fabricated with infection molding using 
the above-mentioned metal mold, shaping — eye a mold clamp — pressure:50 t. shot 
capacity:49cm3. plasticizing capacity:25 kg/hr. and iryection-pressure:1750 kg/cm2 — the 
injection molding machine which has the capacity to say — a constituent — supplying — 
cylinder temperature — the bottom of a hopper — 50 desrees C ar»d 90 degrees C of nozzle 
sections — it is — die-temperature ( of 180 degrees C ]. iruection time amount 20 seconds, and 
setting-time 20 seconds, and ir\jection pressure of 750kg/cm2 It Miricated. Posteure of the 
moM goods was carried out at 180 degrees G f or 3 hours. 

[0204] ConsequerrtJy. the moM goods which have a less than **0.5-mieron dimension error as 
shown in drawin g 26 were able to be obtamed continuously. 

(0205] In addition, when this constituent was fabricated usirtg the transfer-moMing machine, the 
moU goods which have the same property were able to be obtained. 

[0206] Firthermore. when equipped these mold goods with optical waveguide components in the 
datum-plane kx:ation. the optical fiber which carried out end-face poKsh was made to meet a V 
BToove guide on these optical waveguide components and it fixed, connection loss was set to 
O.ldB or less, and it has checked that precise alignment was realized. 

[0207] (Example 14) The inpedient configuration and the manufacture approach are shown to 
the light corpuscle chad mounting substrate 33 of the structure shown in <fc-awir>g 27 . In the light 
corpuscle cMId mounting substrate 33 shown in <kawmg. the single mode optical waveguide 
components 31 can be positioned by two datum level (field which connects a flat surfece with 
the optical waveguide components 31. connects the top^-most vertices of the driO configuration 
71 with a substrate 33. and is made) which faces. Here, both sides are formed in the precision so 
that the relstive-vakie relation of the part and the optical input core bcation which defirra the 
datum reference of the smgle mode optical waveBMJe componenu 31. and the datumHevel 
h»eation on the substrate whic:h faces may be mutually in agreement. To aim at precision and to 
become less than *«0.5 microns to a location is demartded. 

[0208] (i) invedem phenol novolak mold epoxy resin: synthetic-resin constituent contaning the 
100 weight sections, the novolak mold phenol resin: 1 00 weight section, the hardenmg- 
aceelerator (2. 4-tolylene diisocyanate. dimethylamine addition producthIO weight sectJor). and 
the saica particle (mean particle (fiameter of 30 microns or less):600 weight section. 
[0209] (ii) MeUi mold hardened steel was processed into the precision, and dimensional sccmcy 
was processed even into **0.l microns. 

[0210] Cm) The shaping above-mentioned constituem was fabricated with im'ection moldng using 
the above-mentioned metal mold, shaping — eye a meld clamp — pressureiSO t. shot 
capactty:49cm3. plasticizing capacity:25 kg/hr. and irvectiorr-pressia'e:1750 kg/cm2 — the 
iruection molding machine which has the capacity to say — a constituent — supplying — 
cylinder temperature — the bottom of a hopper — SO depees 0 ar>d 90 degrees C of nozzle 



(p«ict(form level criteria sbvctured division) 33- 1 1 is formed on height datum-level 33- 10a also 
at the Kght corpuscle child mounting substrate 33. The level reference mark 33- II is a through 
tube here. These marks 31-11 and 33-1 1 are observed optically, and mutual both sligrvnent is 

p e r f ormed. 

[0189] In addition, even if it forms the abov e -me nti oned level reference ma»* 31-1 1 and 33-1 1 
in the Krte instead of punctiform, it can be used sinalarly fktfictiiwially. 

[0190] Moreover, in the above-mentioned examples 8-11. the quaEty of the material of a light 
corpuscle child mounting substrate is not Kmited to a specific ingredient that what is necessary 
is>ist the quality of the material processMe into a precision. For example, you may form using 
ingredients, such as siKcon and a ceramic, however, a variety — the Kght corpuscle chad 
momting substrate which febricated the resin ir^etfent also in the possSile quality of the 
material is exceptionally excellent from a viewpoint of economical efficiency and mass- 
protkjction nature. As these resin, the heat-curing mold epoxy resin containing 50% of gbss 
powder, the polyether imide contairwig 40\ of glass powder, polysulfone. polyether sulphone 
resin, etc. can be illustrated. 

[0191] Moreover, in the above-mentioned example, although the light corpuscle child mountng 
n^strate had Uken a oonfiguratMn Hie housing of an optical waveguide substrate, if it has the 
alignment structure looked at by the above-mentioned example, it may be the substrate 
configuration which spread superficially. 

[0192] (Example 12) The 1st of the description of this invention is in the structure where it is 
accurate and al ig ime n t in the case of making optical connection of an optical functional pwt and 
the optical fber can be performed easily, usmg a fight corpuscle child mounting substrate. And 
the 2nd of the description of this invemion is to offer the ingredient configwation which realizes 
said 1st description in the highest condition. The example of the starting ingredient configuration 
is indicated in this example 12 and the following examples 13 thru/or 17. 
[0193] l>ie- ingredient configuration and the manufacture approach are shown to the tight 
corpuscle chiW mounting substrate 23 of the structure shown in drawvig 23 . In the light 
corpuscle child mounting substrate 23 shown in drawng, single mode optical waveguide 
compo n enu can be positioned by two datum level wMch faces. Here, both sides are formed in 
the preebion so that the relative-vakie relation of the part and the optical input core location 
which define the datum reference of single mode optical waveguide components, and the datum- 
level kwation on the substrate which faces may be mutually in agreement To aim at precision 
and to become less than **0.5 microns to a loeation is demanded. 

[0194] (0 tnp-edient novolak mold epoxy resin: synthetic-resin constituent containir« the 100 
weight sections, the novolak mold phenol resin:tOO weight section, the hsrdening-aecelerator (2. 
4-tolylene diisocyanate. dimethylamine addition producthIO weight section, and the silica particle 
&nean particle diameter of 30 microns or Iess)c600 weight section. 

[0195] (5) Metal mold hardened steel was processed into the precision, and dimensional accuracy 
was processed even into e*0.1 microns. 

[0196] (iii) The shaping above-mentioned constituent was fabricated with iruection mokiing using 
the above-mentiorted metal mold, shaping — eye a mold clamp — pres$ure;50 t, shot 
capsctty:49cm3. plasticizing capacity.25 kg/hr. and iriject»on-pre8sure:l750 kg/cm2 ** — the 
injection mokiing machine which has the capacity to say — a constituent — supplying — 
cyfinder temperature — the bottom of a hopper — 50 de^-ees C and 90 degrees C of nozzle 
sections — it is — die-te m perature [ of 180 degrees C ]. iriiection time amount 20 seconds, arvi 
setting-time 20 seconds, and injection pressure of 750kg/cm2 h fabricated. Posteure of the 
moU goods was carried out at 180 degrees C for 3 howv. 

[0197] Conset^iently. the mold goods which have a less than **0.5-mieron dimension error as 
shown in «fc-awirMi 24 were able to be obtained continuously. 

[0198] In edition, when this constituent was fabricated using the transfer-molding machine, tfte 
moW gooifa which have the same property were able to be obteined. 

[0199] Furthermore, when equipped these mold goods with optical waveguide components « the 
date*n-plane location, the optical fiber which carried out end-face polish was made to meet a V 
VOove guide on these optical waveguide components and it fixed, conrwction k>$s was set to 
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sections — it is — die-temperature [ of 180 de^es C ]. ii^ection time amount 20 seconds, and 
setting-tinrw 20 seconds, and intection pressure of 750kg/cm2 It fabricated. Posteure of the 
moU goods was carried out at 180 de^es C for 3 hours. 

[021 1] Consequently, the moM goods which have a less than 4^.5-micron dimeninon error as 
shown in drawing 26 were aUe to be obteined continuously. 

[0212] In additioa when this constituent was fabricated usir« the transfer-molding machine, the 
moU goods which have the same property were able to be obtained. 

[0213] Furthermore, wtten equipped these mold goods with optical wavegukle comporMnte in the 
datum-plane location, the optical fiber wMch carried out end-face polish was made to meet a V 
pxmve glide on these optical waveguide comppnente and it fixed, connection loss was set to 
O.ldB or less, and it has checked that precise alipwnent was realized. 

[0214] (Example IS) The invedient configuration and the manufacture approach are shown to 
the light corpuscle child mounting substrate 33 of the structia-e shown in drawmg 28 . hi the fight 
corpuscle chiM mounting substrate 33 shown in cbvwing. the single mode optical waveguide 
componenu 31 can be positioned by two datum level which faces. Here, both sides are formed in 
the precision so that the relative-vahja relation of the part and the optical input core k>eation 
which defirM the datum reference of the single mode ftptical waveguide componente 31. and the 
datum-level kwation on the siAstrate which faces may be mutually in agreement. To aim at 
precision and to become less than **0.5 microns to a kication is demanded The diameter of the 
optical fBier entry cylinder 72 made 1 26 microns the diameter of 200 microns and the alignment 
side cylinder 72. 

[0215] The molifing approach of this substrate fofiowed the above-mentioned exan^ile 12. 
Consequently, the gap from an aim vakje was able to obtein continuously the mold goods which 
have a less than **0.?- mi cr on dimension error. 

[0216] \n edition, wrhen this constituent was fabricated using the transfer-molding machine, the 
moid goods which have the same property were able to be obteined. 

[0217] Ftathermore. wfwn equipped these mold goods with optical waveguide componente in the 
datwn-plane location, the optical fber (diameter of 125 micron) which carried out end-fece 
polish was made to meet a cylinder guide on these optical waveguide componente and it fixed, 
connection k»s was set to CldB or less, and it has checked that precise aligrvnent was realized. 

[0218] (Example 16) The inpedient configuration and the martufacture approach are shown to 
the light corpuscle chUd mounting substrate 33 of the structwe shown in Rawing 23 . In the Kght 
corpuscle chiM mounting substrate 33 shown in drawing, the single mode optical waveguide 
componente 31 can be positioned by two datum level which feces. Here, both sides are formed in 
the precision so that the retative-vakie relation of the part and the optical input core k>cation 
which define the datum reference of the sin^e mode optical waveguide componente 31. wtd the 
<iatum-level location on the substrate which faces may be mutually in agreement. To aim at 
precision and to become less than **l micron to a h>cation is demanded. 
(0219] G) Ingrediertt novobk mold epoxy resin: synthetic-resin constituent to «vhich the 
presentetion ratio of a silica particle (mean particle diameter of 30 microns or less) was c:hanged 
to the presentetion of the 100 weight sections, the novolak mold phenol re$in:100 weight section, 
and the hardening-accelerator (2. 4-tolylene diuocyanate. dimethylamme addition product): 10 



weight section as show 
[0220] 
(Table 3] 
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[0221] (ii) Metal mold hardened steel was processed into the precision, and dimensional accuracy 
was processed even into •*0.1 microns. 

[0222] (iii) The shaping above-mentioned corutituent was fabricated with ir^ection motdinc usinf 
the above-mentioned metal mold, shaping — eye a mold damp — pressure:50 t, shot 
cap«dty:49cm3. pUsticiiing cap«city:2S kg/hr. and iruectior»-pressure;1750 K*/cm2 •* — the 
ir^ection moWing machine which has the capacity to say — a constituent — supplying — 
cyfirxder temperature — the bottom of a hopoer — 50 dep-ees C and 90 degrees C of nozzle 
sections — it is — die-temperature [ of 180 degrees C ]. iniection time emount 20 seconds, and 
setting-time 20 seconds, and injection pressive of 750kg/cm2 It fiabricated. Postcure of the 
mold goods was carried out at 180 degrees C f or 3 hours. 

[0223] Consequently, the mold goods which have a less than **0.5-micron dimension error as 
shown in drawin g 24 were able to be obtained continuously. 

[0224] In addition, when this cocmituent was fabricated using the transfer-molding machine, the 
mold goods which have the same property were able to be obtained. 

[0225] Furthermore, when equipped these mold goods with optical waveguide components in the 
datum-plane location, the optical fiber which carried out er»d-face polish was made to meet a V 
pw>ve guide on these optical waveguide comportents ar>d it fixed, connection loss was set to 
O.ldS or less, and it has checked that precise alignment was realized. 

[0226] (Example 1 of a comparison) To said example 16. as shown in Table 4. it fabricated using 
the syrrthetic-resin constituent to which quartz powder was changed. Consequently, it turned 
out that contraction of the obtained mold goods becomes 1 .3%. and the product with which are 
satisfied of dimensionai accuracy is not obtained. Moreover, dispersion in • dimension value was 
also large (5-6 microns). 
[0227] 

[Table 4] 
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[0228] (Example 2 of a comparison) The ingredient configuration and the manufacture approach 
are shown to the light corpusde child mounting substrate 33 of the structure shown in drawing 
23 . In the light corpuscle chiM mounting substrate 33 shown in drawing, the single mode optical 
waveguide components 31 can be positioned by two datum level which feces. Here, both sides 
•re formed in the precision so that the relative-value relation of the part and the optical input 
core location which defne the datum reference of the single mode optical waveguide 
components 31. and the datum-level location on the substrate wfhich faces m«y be mutually in 
agreement. To aim at precision and to become less than ♦♦I micron to a location is demanded. 
[0229] (i) Synthetic-resin constituent to which the presentation ratio of a silica particle (mean 
particle diameter of 30 microns or less) was ^tanged to inpedient pelyethertmide resin as shown 
in Table 5. 
[0230] 



[Table 53 
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[0231] (ii) Metal moid hardened steel was processed into the precision, and dimensional accuracy 
was processed even into **0.1 microns. 

[0232] (iii) The shaping above-mentioned constituent was fabricated on the same condKions as 



httpV/ www4.ipdl.nct|M.go jp/cgi-bin/tran_web_egi.^e 2005/ 1 0/03 



JP, 11 -287926.A [DETAILED DESCRIPTION] 31/31 ^—-^ 



if the light corpuscle child mounting substrate of this irwerttion is used, since the component part 
mark of en optical module are sharply reducible, it becomes possible to manufacture an optical 
low cost module. 

[0241] Furthermore, while having the positioning datum level corresponding to light corpuscle 
child mounting substrate positioning datum level on this light corpuscle child mounting substrate 
and its front face By combining the optical functional part which has the optical waveeuide, 
electrode pattern, and light corpuscle child who manufactiired the location from positionirtg 
datum level, and distance according to the light corpuscle child mounting substrate Only by 
doubling the positioning device of a light corpuscle child mounting substrate and an optical 
functiorwl part, the aligrwnent in connection with the three above-mentioned elements, i.e.. fiber 
conrwction. electrical connection, and the closure can be completed moreover very simple to 
coincidence. 

[0242] Therefore, according to this invention, since simplification of the manufacture process of 
an optical module can be attained, an optical low cost module is realizable. 

[0243] Furthermore, deperxiability is realizable the close dimensional accuracy which results in 
submicron one. thermal reststartce. and over a long period of time by adopting the concrete resin 
presentation shown in the cbim and example of this invention as use resin, using resin mold 
goods as a Kght corpusela child mounting substrate. Moreover, since a mounting substrate is a 
resin presentation, mass production method by febrication is attained and a manufacturing cost 
can be reduced sharply. 



[Translation donej 



said e» ample wth injection molding using the above-mentioned metal mold. 

[0233] Consequently, with the big ingre<fient of an anisotropy as shown in Table 5, it turned out 
that satisfactory mold goods do not choose. 

[0234] (Example 17) The example of the Kght corpuscle child mounting substrate 80 which used 
the ceramie for drawing 29 and tfc-awing 30 is shown. The configuration of an optical module is 
the same as that of drawing 9 or A-awing 16 almost. In using a ceramic, the structure of a lead 
differs from the structure of alignment. 

[0235] Although the lead part was produced with the light corpuscle child mounting substrate 
usmg resin about the lead using the leadframe. in order that a baking process may enter, after 
pattemizing ar^ embedding refractory metals, such as a tungsten, and performing gold plate etc. 
to this pattern, solder attachment is carried out with a ceramic at a lead. 

[0236] moreover, the condition which only alipwnent datum-level 80- 10a of the height direction 
sintered as alignment structure in consideration of the gap from the mold by the deformation at 
the time of sintering — a field as it is is used, wall surface 80- 10c which is lateral alignment 
criteria to being usable as datum level in order to change uniformly, even if the deformation at 
the time of ceramic sintering has [ the reason } the main contraction at the time of sintering and 
the alignment datum level of the height direction of a tight corpuscle child mounting substrate 
deforms — the optical waveguide componerrts 31 and an optical fiber 32 — it is because it is 
alike, respectively, end K receives, it is in the distant location, so the distarvje changes. Then, as 
datum level for lateral optical-axis doubling, precise delivery decided to use perper>dicular wait 
surface 80- 10c produced with the controllable precision dicing saw. 

[0237] The alignment using the positioning criteria of these light corpuscle child mounting 
substrates 80 is as follows. 

[0238] The alignment of the height direction presses the front hce of height datum-plane 31- 
10a of the optical waveguide componenu 31. and V ppove substrate 35* attached in the opticai 
fiber 32.-ar>d performs it. A V (roove is produced by precision processwig which used the 
anisotropic etching of Si. and it was made to make the distance from the height criteria of the 
optical waveguide componenU 31. and the tfistance from the front face of V groove substrate 
35' made from Si of an optical fiber core in aye ement here. 

[0239] Lateral alii^ent attaches and applies the 60 to 10 d clad wall surfeee and the (tiection 
side face from V groove substrate 35' of an optical Tiber 32 which are a datum plane of the 
longituiSnal cfirection of the waveguide components 31 to wall surface SO-lOo formed by the 
above-mentioned dicing, and performs them. Even if about 20 microns of locations of dicing shift 
from several microns, it is satistactory in any way. The pitch by dicing poses a problem here, and 
if tNs was decided, since the datanee from the ilatum plane of the longitudinal drection of 
optical wavecutfie to the core of optical waveguide and the distance from an optical fiber side 
face to an optical fiber core were decided correctly, the precise alignment of it becomes 
possible. The pitch of dicing is controllable at about 1 micron. 
[0240] 

[Effect of the hvention] As exphined above, the Kght corpuscle child mounting substrate of this 
invention As opposed to the optical functional part which has optical waveguide and the 
electrode pattern formed in the frvnt fece It is the light corpuscle child mounting substrate 
which realizea optical connection between optical waveguide and an optical fiber, and electrical 
connection of an electrode pattern, k has the shape of a field and the criteria structured dmsion 
of linear or punetiform for f»frying out the horizontal of an optical functional part, and a vertical- 
position arrangement on the substrate. And viMIe having the fber alignment section for 
positioning to the optical waveguide of this optical functional part in the k>cation which makes 
optical connection while carrying out insertion maintenance of the optical fiber, it has the 
electric wiring pattern prepared in the location which stands face to face against the electrode 
pad of the electrode pattern on an optical functional part. Furthermore, it becomes depressed in 
the k>cation on the light corpuscle child mounting substrate which Ukes a stand against the Kght 
corpuscle child who carries on an optical functional part, and the section may be prepared. Since 
it has such composition, the light corpusde child mounting substrate of this invention has Optical 
fiber connect functions, electrical connection functions. arMf all the ckisure functions. Therefore. 



http://www4.ip<R.ncipi.go jp/cgr-bin/tran.web.cgi.eije 2005/ 1 0/03 



httpy/www4.ipd)jicipi.gojp/cgi-bin/tran.web.cgi_«iie 



2005/10/03 



JP.l 1 -287926^ (DESCrUPTtON OF DRAWINGS] 1/3 ^—'J 



• NOTICES • 

JPO and NCIPI «rt net rMpomibl* for tnf 
dMtn eaustd by tha um of thii trmlitisn. 

1. This documont has been translated by computer. So the translation may not reflect the oriiinal 
precisely. 

2. »*** shows the word which can not be translated. 
3.ln the drawinis. any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Descriptjon of the Drawincs] 

[ pr a w jng ,1] In this invention, it is drawinf explaining the reason which optical-axis douMng of 

optical wavefluide and an optical fiber can realize with a sufficient precision. 

[ Orswrii 2 ] h is the perspective view showmg the 1 st example of this invention. 

[Drawint .3l It is the perspective view shewing the 2nd example of this invention. 

{Drawing 4] It is the perspective view showing the 4th example of this invention. 

[ Drswinjt 5] It is the perspective view showing the 5th example of this invention. 

[Qrawiri g 63 H is the perspective view of the optical module c o n ce rni n g the 6th example of this 

tftvention. 

[ Drawin g 7] It is the perspective view of the light corpuscle dhM mounting substrate concerning 
the 6th exsmple of this invention. 

[Drawing 83 h is the perspective view of the optical module conceming the 7th exan^ of thb 
mvention. 

[Qrawmg J3 It is ^wing for explaining the 8th exemple of this invention, end is drawing of the 
condition before putting the optical functional part which accumulated laser on optical waveguide 
on the light corpuscle cMM mounting substrate is the perspective view of the optical module 
conceminc this invention which it comes to carry in the light corpuscle child mowting substrate 
which has alignment structwe. and it was made seen [ a substrate / the front face of an optical 
functional port ]. 

[Drawing 10] It is the perspective view of the same optical module as drawing 9 . is in the 
condition which put the optical functional part on the Eght corpuscle child mounting substrate, 
and is drawing at the time of using a pig tail mold as a fixed gestsit of an optical fa>er. 
[Drawing 11] It is the perspective view of the same optical module as drawing 10 . and b ck-awing 
having shown the condition that carried out cross sectional view the part and the optical axis of 
optical waveguide and an optical fber was a<tusted. 

[Prawirifl 12] It is the perspective view m which K is shown near the alipwnent structured 
ifivision part of the optical module of tKs invention, and is Rawing of the condition before putting 
on the light corpuscle child mounting substrate it was made seen [ a substrate / the front face 
of an optical functional part ]. 

[Drawing 13] It is a top view near the alignment structured division part of the same optical 
■nodul* ' and is drawing expbining horizontal alignment. 

[Drawing 14] It is s side elevation near the alignment structured division part of the sanw optical 
module as cfc-awing 12 and A-aw ing ,13 . and is <kawing explaining the alignment of the height 
direction. 

[Drawing 15] If a solder bump is used for immobHization of the optical functiorul part to a light 
corpuscle child mounting substrate top. it will be drawing explaining the reason of being able to 
skip a maintenanee process until solder hardens. 

[Drawing 16] H is the perspective view of the optical module conceming this invention using 
structure removable as a fixed gestalt of an optical fSMr. and is drawing in the condition of 
having put the optical functional part on the light corpuscle child mounting substrate. 
[Drawfing 17] In order to show the condition that the optical axis of the optical waveguide and 
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25 25' Crevice *which cairies out receipt immobilization of the covering section of an optical fiber 
tape 

26. 26'. 26'. 29. 29'. 29" Slot for missing excessive adhesives 

31 Optical Functional Parts (Optical Waveguide Substrate Etc.) 
31-1 Optical Waveguide Core 

31-3 Ught Corpuscle Child 
31-4 Electrode 

1 3-5 Slot for Optical FurictJonal-Psrt Substrate Handling 

31 -10a Optical functional-part side height datum level (height criteria structured drvtsion) 

31-1 Ob Optical fur>cttonal-part side level datum level (stop side: level criteria structured division) 

31- 11 Optical FunctionaHPart Side Horizontal Position Arrangement Mark (Punctiform Criteria 

Structured Division) 

32 Optical Fiber 

32- 1 Optical Waveguide Core 

33 Light Corpuscle Child Mounting Substrate <BR> 33-1 Fit>er Alignment Slot 

33' 10a Light corpuscle child mounting si^strate side height datum level (height criteria 
structured division) 

33- 10b Light corpuscle child mounting substrate side level datum level (stop side: level criteria 
structured division) 

33-1 1 Throu^ Tube (Punctiform Criteria Structured Division) 
33-30 Electric Wiring (Lead Etc.) 

33- 31 Solder Bump (Electrode Takeoff Connection) 

34 Resin 

34- 1 Resin for Optical Fiber Immobilization 
34-2 Adhesives for Reinforcement 

34-3 Resin for Closures 

34-4 Adhesives for Ftlm-iaie Components Immobilization 

35 Even Fiber with V Groove is Plate. 

36 Hook for Fiber Immobilization 

37 FilmHike Components 

70 Ridgeline of V Configuration at Base of Substrate 

71 Drill Configuration Formed in Substrate Base 

72 Cylindrical Shape Fiber Aligrwnent Section Entry Cylinder 

73 Cylindrical Shape Fa>er Alignment Section 

80 Light Corpuscle Child Mounting Substrate made from Ceramic 
80- 10a The height direction aKgrwnent datun level 

80-lOe Longitudinal direction aKpment datum plane (addressing side wth a fber) 
80*10d An addressirtg side with a dad 
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the optical fiber of the same optical module as Clawing 1 6 was adjusted, it is the perspective 
view which carried out cross sectional view in part 

[Drawing IB) It is the side elevation as for which the optical modulo of the 9th exanvie of this 
invention carried out cross sectional view the part, and the example of the ck>s%«-e gestalt by 
resin is shown. 

[ Drawin g 19] Similarly, it is the side elevation as for which the optical modulo of the 9th example 
of this invention carried out cross sectional view the part, and the example of a configuration of 
having closed inckiding the optical f%>er by transparerrt resin is shown. 

tP»'ayjpg 20] Simlar+y, it is the side elevation as for which the optical module of the 9th example 
of this invention carried out cross sectional view the part, end the structure for stopping the 
flow of resin is shown. 

[Drawin g 2 _1] H is the decomposition perspective view of the optical module of the 1 0th exan^e 
of this invention, and is drawing of the optical module which has the description in the structure 
which combines optical rrwdules. 

[Drawin g 22] It is the decomposition perspective view of the optical module of the 1 1th exanvle 
of this invention, and the alignment structure which used the mariier for horizorrtal aligrwnent is 

[Prawi ng 23] H is the perspective view of the light corpuscle child mounting substrate of the 
12th example of t>vs invention. 

[Qrawtfig^] K is the graph which shows the meastred vakjo of the dimension error of the light 
corpuscle child mounting substrate of the 12th example of this invention. 
[Drawing 2S3 H is the perspective view of the light corpuscle child mour^irig substrate of the 
1 3th example of this inverrtion. 

[Drawin g 26] K a the graph which shows the assumption vakie of the dimension error of the light 
corpuscle child mounting substrate of the 1 3th example of this invention. 
CP*:»yjng-?7] It is the perspective view of the light corpuscle child mounting substrate of the 
14th example of this invention. 

[Drawing 28] h is the perspective view of the li|ht corpuscle child mounting substrate of the 
1 5th example of this invention. 

[ Draw i n g 29] h is the perspective view of the light corpuscle child mounting substrate of the 
1 7th example of this invention using a ceramic to an ingrecfient 

[ Drawing 30 ] K is cross-section structural dravring of the important section of the substrate 
shown in dra wipg 29 . 

[Drawing 31] It is the side elevation showing the aligrwnent structure of optical waveguide and an 
optical f3>er by the conventiorwl techniqtw. 

[Drawing 32] It is the perspective view showing the electrode Action structure of the optical 
components by the conventional technique. 

[ Drawing 33] It is the decomposition perspective view showing the optical module by the 
conventional techruque by which the hermetic seal was carried oUL 
[Description of Notations] 

1161 Light corpuscle child mounting substrate made of resin 

12 62 Concave structure for optical f^rKrtional-part immobilization (criteria Structurvd division} 

13. 13'. 63 V slot for optical fftiers (fa>er alignment section) 

14. 1 4\ 64 Crevice for fiber fwvering section immobaization 

15 Optical Functional Guided Wave Circuit 

16 16' Optical fiber tape 

17 17' Even an optical fS>er is a lid. 

18 18' Minute height of a presser-foot lid 

19 19' Minute crevice for fitting of a light corpuscle dhUd mounting substrate 
2127 Light corpuscle child momting substrate 

22 28 Macromolecule optical waveguide 

23 Crevice Structure for Carrying Out Fixed Position Arrangement of the Macromolecule Optical 
Waveguide (Criteria Structured Division) 

24 24' V slot (f3)er alipwnent section) 
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Abstract 



PROBLEM TO BE SOLVED: To provide an optical element mounting substrate capable of simplifyinq all 
alignment processes including not only optical connection but also electric connection as well as sealinq 
by providing a reference stmcture part for positioning an optical function component and a fiber aliqnina 
part for positioning an optical fiber. ^ ^ 



SOLUTION: An optical element mounting substrate 11 is composed of a recessed structure (reference 
structure part) 12 for inserting, positioning and fixing the optical function component V groove parts 
(fiber aligning parts) 1 3 and 1 3' capable of holding the optical fiber for inputting/outputting light to the 
optical function component while aligning it and connecting it with the optical function component and 
recessed parts 14 and 14' for storing and fixing the coated parts of optical fiber tapes 16 and 16' of 
multiple fibers. An optical function waveguide circuit 15 is inserted into the recessed structure 12 of the 
optical mounting substrate 11. adhered and fixed. The coating at the terminal parts of the optical fiber 
tapes 16 and 16' is removed, and the optical fibers are aligned in the V groove parts 13 and 13' and 
held Then, the optical fiber tapes 16 and 16' are pressed from the upside into the V groove parts 13 and 
13 by a pressing lid 17 and fixed. 
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>rl/3 -4 0 cb3t:7r Y>'^'2*5lX^)m^^L^, 7tr7r^ 

^^2«j¥Sx.M5tCcfcos is^ficsssn-s. cn 

±M3 - 5 Q^^^^iy-Jl^^ti. ^±fJi^mWi^^i:WL^ 

[0 00 7] tiJi(7)fi£^CC*-5J:'5«:. ^&^m^ 
[0 00 8] 
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c 0 0 0 9 ] mjt^mik^mmUidtT. 

gi5^}-^Wr55fe*i^»-;l'«S8f^r*?£«>«:ti> ±12© 10 

C-0 0 1 0 ] $6«C. iiaO/N-^ 7 K3lc*i^^-Jl' 
•C«. ^^f*3e5S^-jlffl©i*±*Jj^>®-C*«3. C©fc«> 20 

fc. 

coo 1 n cirojr^K:. ee^©^?fi?iisg*-:^*--'i' 

©usitcAfcoTti. 7£-7T-<>''!m^m©*^c6-r. 

SgSl^XS. Se.5C. ttJhXS<hJ,»^^<©XS*i2- 
fc. 

[0012] *^©flDS{t. 36«fifeSa°o£3l57 r ^< 30 

#. 5e>«c{4ig^i±©^ftgfcis]_hs-ttici©-r 
e.©sajg:&afe4ffi«t- s c i tc* s. 

CO 0 1 3 ] 

csjB^is^i-rifc*©^®] friBais^wiJi^sfc* 

J:CfSit:6-[fil©tigi^8!)=£^f -5 fc&©Sig« 

jt7 T -^-''!4fiiasiA-r5fc*©7 r -rz-fSJiigiJ^wr 

CO 0 1 4 ] *li§g©ti^il2©3feS^SilS«{d:. m 
ijifgm^-i f - > * WT ^. iS^CC^yttStggffa i 
■C{4g^*tfc<!:tK:g[3tlSlfegi5o°o©mS-'<*->©^ 50 



1$ia¥ 1 1 -2 87 92 6 
8 

CO 0 1 5 ] :^mM<on^3<Diitsk^mm^mt. m 

c 0 0 1 6 ) ^mmnm^4,<Di{^^n^mmt. m 
lessjR^i sfc»2©3f£5i^=-iisis®«:fai<>-c. mie^fe 

C 0 0 1 7 ] *^Hj<DsS^Ji5 ©3£^^^lli^S««. «5 

leif 1 i^rt!- L 4 ©i,^rn*^©76^T-ii^s^{cfei,» 

[0018] *:^^©it^:®8 ©^fesgT-SI^S®«, mi 
iSiis)?^ 1 L 4 ©i.^mA>©^^II^SS«:*sc» 

C 0 0 1 9 ] :$:^B3©fS3R]^7 05^T-|I«?SSW, B? 
laiSSS^l i5:t,iL4©l,»-rnA»©^^^SI^SSK:iBl,» 

C 0 0 2 0 ] *#eBJ©fg*]18 ©3fe^^||^S««. fi 

iaifsR^ 1 j&t^o 7©urn)!i»©3(£i^^iii?sfi«:4B(,» 

T. B[S«©mfiBS?»*»itsp<tBirfa3fe*asg^D°D©— astc 

C 0 0 2 1 3 *:^J©st5i?^9 ©Tfe^^llSSSB. IT 

ieifj*^8©3K5S^*^siE{ctet»-r. friasj^^jtaj 
3fetas6a5o°o©Jst«Bt^a5AifriasMcc ct: o e tvfcjB 

C 0 0 2 2 ] *^J©SS«^ 1 0 ©3tJg-=Fllt^««. 
fiieig*^ 1 :^t,^L 9©li-rn*^©^fe^^-^S«{Cte 

i^T. suia3t®Bggl5o°DAs^ST.5.I^Sfi©S:§g|i^«:^ 
^r>i^Si|*ja*5Tfcs!)©ii>«e< i fe— :»©3l*sjgfiSS 

C 0 0 2 3 ] *:|%Bj©tgj}iS 1 1 ©7fe^q=-|?^S««, 

miM^m 1 ^cc^L 1 o(D^^-rt\i}^<D^^-mk&m.«. 
B9fe3t«figsi5a°a*ai*)ftwfc^2SK:fflfia3fe7 

sa3t7T'rv^•?:S?|Jtt<s-c^?^^T•s^<^^. s^tcwr 

c 0 0 2 4 ] *i%B«©ig^:^ 1 2 (D^mT-mmmmt. 
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C 0 0 2 5 } :*:^^©3S3R31 1 3 (D^^m&S^t. 

c 0 0 2 6 ] ^-wMon^m 1 4<D7t^^^^m«tS. 

[002 7] :^§m(Dm^m l 5 ©7t^^^^S««. 
[0028] :*:^cDt»*3i 1 6 (D^-j-m^mmi. 

[0029 ] :$:^©fS^:^ 1 7 <07lfc5R^IISISffili> 

«*t *«5^f&^-C* set «*NS <!: T 

[00 30 ] 4:^®if*^ 1 8 (DT^S^^^SSiJ. 

H9fasi*ai 3©7t;^^^i?i?*S«:tec>r. H?fe^fiS« 
[00 3 1 ] ^:^H^©fs^3i 1 9 (D^^mmmmt. 

[0032] :*:^?g(0li^g2 0 <D±^^mik&mt. 

m^nmm i a s/cti 1 9 ®3eR^^s«K:te(,>r . 

[0033] :*^0»^2 1 (D3e5R^=-*^Sfi«v 

wmm^m 1 i^ct-^o 1 2 ©o»-rnA>(03ic^Tiiiis««: 

[0034] *^CDi»3}?lI2 2 (D^fes^^HS^aSJi. 

SBfrWL. Til-:). |?fajl£7 t -T Affi^f 4 <!: i 
[0035 ] ttc. ^^^<DifS*352 3 <D^m^^^ 

mt. m^nmm i s/c«2 2 cci£is©^^^^^ss 
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[0 0 36] ^^m<Dnmmz 4<D^f^^mmmm(Dm 
miimii. Biriai!5^3S2 3©5fe5S+-ii«s«©i!{ii:^fi 

[003 7] ^mm%%iSi-^2 5 cD3t:^^^jl^S«©S{ 

fjiasi*^2 3®5t5^^^II^IStg<Diiit7??£ 

10 [ 0 0 3 8 ] ^^(On^m2B(Dit^i>^-)l 
\t. Wi^m^ 1 ^ci,»L2 2<Dt,»-mAHCfSSg©7tll^ 

[0 0 3 9] ^mM<Dnmm2 7©5t*t^i-;KJ. m 

[0040 ] 3 P)CC. :*^ia©fS*12 SCat^J^^- 
Mi, ?fei»j^i;«S''^d'-><»:?:WTi <!:<!: fete, fj 

fgajfo i iflia^s^ ji^®©*^smfli jsgij|5i±Asa 
nccj:-»-c. l^^3atia''^■i'->«bB?3a^^Ela■'■«^-> 

i©fatg^fc-t*te J: 0««SvWSiK*«^$ n S <k i fc 

(c. luie^ 7 ■< tmnmcnx c 7 ■< j<tmts.^ 

[004 1] 2|c^©ffl^^2 9 <D%^i> * -;Ki, Wi 

iaif*JS2 8©5ic*i?^-ji'tc4>i,>-c. ffta^ttatisPifa 

[0042] *^©lil*3B3 0 ©Tt-ti^ * --"Ha- m 
ieif5)<J12 8©5^*i?i-JUfCtel»-C, B>rie3fetafi6SPo°D 
A5tSfBJt-*9. KriaTfeSR^R^SSK:. cinhMSkUm 
a*isra©*:-spisi afSiSffia*ab*-r S fci«)©^« 

[0 04 3] :$MB^©tt^93 1 ©ife'tv' a -^Hi. Sii 
50 iaif^JI2 8^c^,>U3 0©i»-rnA>©3l£*>'*-.»i'«:te 
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o°aO*#<SSS® 7 f KaS:^-?: X ^ > y O r g O it 

i*®-c* i c i i -r s . 

[0044] *^^CDIt^li3 2 (D7t*i^a-^U«. m 

a(c0fis $t\tc<j zfmoy^nih 5 c i i f ^ . 

C 0 0 4 5 ] *;^CDf»*li3 3 <D^^V=.~Mt. m 

[0046 ] *^?9©sft5K3B3 4 <J>it^iy 3l bu 
iaiS3}5JS2 8)a:l»U3 0©(,>-r*i;5i<D3fe*i^*-Jl/CC*j 

[0047 ] *^5BCDsS:d?:S3 5 05^*^ a M 
(0 0 4 8 3 *:^©I9*S3 6 ©it* m 

iSiS^Jl3 5©7ic*-:;'a-ju{c*jo»r. Hirie3fel8fiegCa°o 

©-*f©<l±®li. Hfrt£*i^i8^3!p6©tbS=f3fe©3E;«i«: 

(0 049 3 *^©lii^S3 7©^*t;*--»l'», b5 
iei«^2 8)5:C»L/3 0©C>f*i*i©^-=&>'a-JKC4B 30 

ie^tt©Sji:fflmBi*i^«5nrc»5 c i ^^msi-r 

(0 0 5 0 3 **^©lt*:^3 8©7t*i^a-^KJ. m 

iaif*^3 7©7£*i?^-ju{ctec>r, ftri27i£Sfi^a°D 

#S©Sli^'^©8Mi©{SA4«iilHJ 1/ fc C i i r 

(o 0 5 1 3 *^^©si3c^3 goTt^i^*-;!/^. m 
iai«3}eja2 9©i£*i?a-ju{c*jt,>r. i!rgas*^«:» 40 

Stttr*'ojg^;:cf§}flg«53tiR$n-C3feJR^©W±*i||3K 

(0 0 5 23 :*:^©ii3}eJi4 0 ©ife^i^a -;nj. f? 
i^*^2 8^ct,»o3 9©(.»-rn*>©3t'tyjt-^UH«rta 
7fe^^^ll^«ffi*i^fiS«fli«fiS;ia*» 6 flIfiS S tiro s c 

(005 3 ] *^©i93R^4 1 ©^•tt;3.-;b«, 

iEif^3i4 0©7fe*i:^i-Ji/{Ctet>r. f/ie^)5£tliBi^ 

fiX^©fi£}f?iRai^s 1 %jyTr * 0 . ^iR^^Tj^^fi^j 

fet<»-?-©ffi©a^ffi<!:a/lNffii©i:b*M . StiTr 50 
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(0 0 5 43 .^•^>^©ti5}«S4 2©iflc^:i^*-;HS. m 

iBi!!5l?JI4 i©**i?*-;i'{c*it<»r, irffi^fiSmfllffi 

Lro-5.C<t^!tfS![iT5o 

(0 0 5 5 3 -"*:^a^©tgi)5^4 3 ©3t*i^^ -JHCtel> 

r. frsast*a4 2©jfe-=&i;*-;Kc:4Bi,ir. frtassii! 

(0 0 5 6 3 *^©lt^:^4 4©3t;-ti^*-^l'«. BU 

iaif*Ji4 3©56*':^*-iUc*ji,>r> frieists^«tt 

Ass^^r $> -s c i «:!t$?ai -r -s, 

(0 0 5 7 3 :*:^©ISJl?3g4 5©5fe-=&i^*-;U«. fl 

wi^imA o©?fe*y*-;uc*ii»r, frte#fiR«flgffl 

Lro.5C<!:^*m<!:t-S. 

[0 0 5 8 3 :^JJ^^©ti*li4 6 ©jfe^ri^* -JKJ, mf 

gBifjR^4 5©it*y*-/uc*sor. frta3«g|»3Sa*t 

6©ig^«3r * .5 C i ?::^att -r 
(0 05 9 3 *^IB©i93}c]l4 7 ©36-=ey * fr 
iBiS:^J14 5 srctJ4 6©:)e:*y^-iU{C*ilJr. mTta 

>. jfi'jx-7^;v^ 5 KSfc«cnp>©ig^<erc*-5c 

(0 0 6 0 3 *-^?3©fi3Ril4 a ©3t^:i;' ^ ff ■ 

iEif^J12 8)i(,»b3 9©i,i-m*i©76*y^-;ucte 

or. Sirffi7i&3{^3iJiSffi%H2^ 5 » i^sfflc^rj^flEr 

(0 0 6 1 3 ;$:^B^©a^^4 9©3t*t^*-;i/tJ. B?r 
iait5}«^2 8^coL4 8©o-rti*»©7i£*y»-;i'«c*j 

or. B5ia:7T -//^^yiJglJdiKrMVJiSiitCoriiSCi 

CO 0 6 2 3 2|s:^©H^^5 O©^^*-:;*-;^*. 1? 
iai9^^2 8^ioL4 8©i,^m*^©7t*-:^^-;i'{<:te 

l^r. flia^r -f>'<SflJSB*5Rja}&<!:4-:,r05C<!:4 

(0 0 6 3 3 *^^©it«]15 1 ©ife^i'a-rt.B. BIT 

iai»:^3l2 8^<fC»L4 8©0-m*>©7fe*y:x-;U{cfc 

or. Buie^T 'C''N'iS?'JgP4c. 3t7T -<'-'^'?:#)!fioJtgi 

T -5 SSft «it 3&< JKfiS 3 ti r U » S C <t * #a <!: f S . 

(0 0 6 4 3 Sfc. :*:|fe^©ii*^5 2©3fe*i^^-^U 

©sa^:^i£«i. ntm. 25, 2 7 $ ^{a 2 s «:ieiR©7t 
*i>*-;u©S!{ii:^-&r*or, mUW^Vim^^ 

\k. B!rieS^©±gBij U < {i±«t«:l»fli*-JU K«: J: f) 

(0 06 5 3 

(^?^©JISfe©J^fig3 B!i^©J:^(c. *^H^r«. fita 



CS) 

13 

C 0 0 6 7 ] friBiS*^ 1 fccfcO'2<D^^^Sffir 

ixo«iig*i^^e»n5o -i^^o. s^ats, mm 20 

r. ^LrfcJrw^. friBS^CCiJ. v:?:^Sifc«iig«B 
[0 0 6 9] ±tStC4sl^r. ±tB7fe^t&a5o°D(D7k¥SSI 

CO 0 7 0 ] C(OJ:'?«:r^t. jfe^^^^SSiO* 

( 0 0 7 n m I tc4tfi>r . -en-en^ets 

X iy^mS:LX^nBA B C t^^BD E F 
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c 0 0 7 2 ] <xcc. nym^u^naL^m'f-mMm^&o^ 

iir ati-^^^x-Bo ^ 1<D ( b ) T^^H^S 
^BABCti, Sr/ttCHI^fl^A' B' C CC*fj£;T^o L 

t^. ^/c, SI (3D (c) Cc^U/cJ: ^tc, 
C 0 0 7 3 ] iS/c. ±fa^«<igSPo°p<!:l^3RT^ilS1g 

[0 0 7 5 ] ^tc. *^^CDiS^iM6CCfcl^^^r >f>''< 

■r;«^«CA* ^&:ii:S«:Wr S R1S <h r C <!: i>mi 
yr^^^^i^xr^xn&^fit. yT^^^<D^<ii^i>t^ 

[0 0 7 6] ^tc. :^^mcom^mi St^TjkOfcJz^ 
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tAmin.^. tain, mmoi'^mu. n^mnctc^m 

C 0 0 7 7 ] ^^m<DmMTM 1 4 {CtkU/cJ: ^tC. huIB 
L/ < tt-ecDfilcD^^AcfiitS/MlicDJrtds 1 . 5 IHTV 
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c 0 0 7 8 ] itc. wiii-^mmmfmos e>jc^^8<j 

Bi, ^:<i:^-W-SCi*5T'f?^., tfc. gl^TctStt <!: L 
[007 9] :*:^©gS3K^l GicmUtcJ:^ 

l-2 9-Cn^3n*x;}<+'>»ifliHu8g*<!:. ■ft^2 - 

CO 0 8 0 ] 
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[008 8] * fc. :^mm(omym 1 s rffiso/tj: 9 

^>6c, ;t«»;x-f >»u;<ji'3^>, »J;^J^J^>, ;j<i;x- 30 [its] 
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WT<0{ fc^S;4 - I 35p 6 4 - 5 CCtj^O fc«l^05}< »; 
[0 0 8 9 ] 
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(3-4) 



[0 0 9 0] 
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CB3 




CT) 0 9 1 ] Jlcfc. *^9i<Dli^^2 8 03t^i^a-JU 

tt. MT. Mu. MPO, scmo^y^ ^j-<^m^L 
tcm^i3i^m^mmmmmm^'S:n 5 c t ©-c # 

Co 0 9 2 ] *^©a:^2 gcDjt^iJa-^u 

[0 0 93] S ^(C, ±iajfet5fi|glla°a©7K^SmfiJiSSP 

±mtbX'bJ:[,K itz. JJET^maJfaO 2 -:5<D#4* 
C 0 0 9 4 ] Sfc. ±f2S;^a5?r^< ^ta6ISBD'?.iS[ 

*^mr S c i Jc J: <3 ^^^cDit±?rll^ L. r J: 
C0 095]SP)«C. :*:^IB©l93SS3 0©3fe*i^*- 

CO 0 9 6] ccD:»]S©3fe*ya-;i/«:J8i>rfe. 



(4-1) 



(4-2) 



(4-3) 



(4-4) 



(4-5) 



CO 0 9 7 ] s/i. «±AS'i:>g):cJt^«cii. iia^fe^ti 

[0 098] £fc. *^©iS^3S 5 2 ©7lc*i^ ^ 

«. iK(cRg^$n5*i©-c«!i< . •£^©sa 

«^-iHlK©tt±*m I. > S C i *J-C # S . 
[0099] 

[0 100] (mmmi) :^m(omi<DmmmiJSi 

icmr. 02«cfc(,»-c. jfeUKSSl 1 «— ^*-c*fffli£ 

ttlfjg (SmfllitSU) 1 2<t. ^MfiggPo'i.K^O-C^fe 

^ A ai:^T -5* 7 T 5:^J{SJ# L r ^tmgggCfn i S 
i^r#-5.V3JgP (^r-('-'>WJg5) 13. 13' i. ^ 

4. 14' ccjzo^^sn-ru-s. 

[0 1 0 1 ] «1 . *2{C^f±1i<!:*ttH^J^f=t^** 

7 0 0Sfia5-C*-3/c. CCr. Vi»3B13. 13' B 

ijg4 0. 3 Mm, ^ai? 12 1. 5 urn. tSftSG 0 

5. ?liP9mtJ2 5 0 limiL. fiXjB^©^itf S?: ± 

0. \ iimLthct^i.n. it^^^i-ummwm. 



(18) 

33 

^L/ciC5, 3fSCD^^«:± 1 /imlSS-CfPSr^C * [0 104] 

/Co 

[0103] 

[^1] 10 



^^W- 1 1 -2 8 7 9 2 6 
34 





it « 




















2 



*20 













3 or. 2 5^ 




*a»«>/3 : 3 5 h > 

'i a— g : Z 5 mm 




y XA^m : 4 0 r. 4=Wa : S : 9 or 




1 7 0 r 




2 03^ 




2 0& 




8 0 r p m 


«; ifE 


7 k g/cm' 




2 5 0 k ff/ctn* 



(0105] sfc. ^ttaui. isrtit^fflajoissfc 
iHi^i«jsi 2«v»gi5i 3. 13' t^ic^mnm. 40 

[0106] CW^fej^^SfiiJ h T -fiScffJ-Cfe 

(0107] M,{mrj:^m^m^ 1 1 ©^XlS^rC© 

^^T^-TT-ie. 16' -SrSi^Lrifeiiigs^iisaycfiP 



(0108] 5te-r. jlclStg^iUlilSS 1 5 1 

(0 10 9]iX«C. 2*f©7lc7r-<'/N-7— •T'l 6. 1 
6' ©iaSi5©1*S€:l**b5fe7T-/-'N'©V»aJl 3. 1 

(0 1 10] 2*f©3fe7r-l>'N-7— T'l 6. 

16' ?:ffS^M17. 17' rV?Sa513. 13' K 

(0 1 1 1 ] ff$x.Sl 7. 1 7' ©tt-^StJ*'^:^. 5 
7 . 17' iJISOTIg(CSt/J^??3iSP 18. 18' *5g;t-f 6 
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0. lf:g«:3t7r-<'/^-f— 7"1 6. 16' m[S.^tbr 
CO 1 1 2 } *fc. 7. 17' tC«3fe7T 

[0 1 13] fctcL. C<DJ:-5^ca/hOSi52 OTJSfgg? 
n-Cl.»*c<-C*>. ViS3P13. 13' *5«KJ:<f^S13 

CO 1 1 4] jfe^T -|'>'<7--:7'1 6. 16'(JCOifS 
iMl7. 1 7' ©tK^-CCJ^^aSt-r-SCbfer*?. 

CO 1 I 5] iawTb^mi9o-c, 2Kfra.( I'XBUb) 

<i:14 0-C, 3B#ra (2iXil{l:) tOfc. 
CO 1 1 61 COasiP. 36-7r-<'^f— :/l 6. 16' 

CO 1 1 7 ] C©J:^{C3feS^S«l l^fflt^SCir 20 

C 0 1 1 8 ] C ^ L-Cf^PMUfcTfej^S^Ogl^jR*!^ 

c 0 1 1 9 ] m^(o^y r -^j^mmk, 3feiiJ^a«^f* 

( 7 0 "C. 9 0%) {C J: 0 2 0 0 0 ^|31S 

c 0 1 2 0 ] (m&mz ) *^?«com2©iitfe^*a.3 

«cn^-r. *ID5IWC». 3liS«l<b»3^Ml 7. 1 
7' K:*Jt»-C®/J^5^g|51 8. 18' 3^7 r 

'{■'■if— -7 16. 1 6' 5r^iicD-'N'*SPD°D5 0, 5 
0' -cflS^fcfco-c**), SlESISfiWrfc. gggia5«c1# 

CO 1 2 1 ] r^C*5^> ffS^Sl 7. 17'«:*JI,> 40 

7-16. 1 6' 45t^SSl 1 iifSxai 
7, 17' i©rBl{Cjl5;!^iitf:^jlU©-''!^aSa°D5 0. 5 

0' isawrus. c<z>^«©^-{*aJa°a5 0. so' 

tcj:*). 3fe-7r '^At^-:?'! 6. 1 6 ' *:7fe||SIS« 1 
1 iJfSxSl 7. 1 7' t©Pa«CBSLfc. 

[0122] ^<m<oi»mt. mmLtcmmm i 
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[0123] (^E^ii 3 ) :i^mm!,tmm i <Dm^-c 

[01241 .(^tSFH) :$:^a^rom4©^i6W<5ria4 

[01251 lI4tctit>T:, 3tlli?S«6 1 (JUSSPil 1 
6 2 i. :>t7T -fv«?rf^^iJ^i^rtSVr^SP6 3 

^■^.<DityyA>^f—^\%<r>mk^^m\\^^'& 

■^TSVi^gpe 3ioJ:Oqaa56 4a>S-^©*=f«:?f5^$tx 

rt>5. ?cii. 1 . 2. 3t[5i«r* 

C 0 1 2 6 1 3t3^»«©{^;a-?»^»St3:iyBfi« 1 
<!:±<l^— C*S. 3fe«(ig3RS,6 5«> 
j«lliSS«ci}i^(*u— tf- (LD) . tJ'-tfl;'3 

<D^-^my* v^-i^-Y (PD) afeo'cc^^^rft^ffl 
[0127] m^^sjLwamim i ©ti^tisi^-c*'? . 

[01281 S/c. :*:^^Fi-C^t»fc7feMin#i^[5II?g*s 

C 0 1 2 9 1 (SlSSfi^lS ) 05 «3f:%BJ©m50*]ffi«SJ 
S iSS±{ci|i^<*lx--!frU'f 6 5 a i^g6 5 b <!: 

[01301 (njs^e ) *^?B©iff6©iiJS^«:c&s 

[01311 :$:SISSfi?<©5fe*i>*-;Ki. laBCCTT^-fJ: 
^>tc. -l*-C«mfi)UBU/c3aiSIS«2 1 i. c©:*|| 
igS«2 KCMAL. S4IB£L/tj^iafigSI!a°D2 2 J:>] 

[0 1 3 2 1 3fe||^S®2 Hi. 07«C/TT-rJ:-5«:. {4 

aR3i». asr5iasiJ«@ (smtJKtas) 2 3i. ^y 

2 4. 2 4' i, ^,-E;©j£:7r 'f'''«7"-:7'0*fta^4iR 
ff!. aSt-2>I!agP2 5. 2 5' S 6«C. IHSC»ig2 
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6' . 2 6' .tOtSfiXSnri,^^,. 

[0133] i/t^mm i^i'^m-r^fcify<o^i±m 
c 0 1 3 4 1 c cr, m^mmz 3icm-ffc, ^^t^m 

*??I=&it2.*ftT-S/ciO©i?t2 6, 2 6' . 2 6 ' 
IJ. iiii2 0 0Mm. 0ag|575>6CDai$ 3 0 0 Mm-C5)S. 
(0135] V?»3B{t*i 140. 3 mm. IgrtjUSIS 51 lo 
12 1. Sum. ^rtiJSftStJe OS, Sgrt?J5rBlFi(J2 
BOwmiO, fi£je^-=l^fSg«:±0. 1 umif^) 
C i «c J: 0 . ^S©0t*:^ ± 1 M mfSerfPiUT S C i 

[0 1 3 6 ] -r^C*)^. IH]t«tBt^2 3liVma52 4. 2 
CO 1 3 7 ] *:||]5S0!l«:C&^iS^»^^D°D«. JitTJc^n 

•rii^u:g«cj;»)f'pssns. 20 

[013 8] 5fer. ia7«:^1-3^ISIS«2 l«C36t»ftB 
g|5fa2 2^*StS-r*. 

CO 1 3 9 ] CCT. *MSiaJp°n2 2(i, 4x4<DXd' 
CO 1 4 0 ] CCDlg^JH^SiSSSti:? •< Jl'AWoDfe© 

«-:3i.»rfPi!tOi^c (i^ss^T - 1 2 7 4 1 4#) . 

CO 1 4 1 ] =iT**mm*^<tPMMA'C. K 30 

CO 1 4 2 ] 3T1^-f 4 0Mmft, i'^f FiSH 
A>6 3rcfJ'6S-Cli7 5 ym-C. :^©J|E35i. 1 5 0 

C 0 1 4 3 ] CO;S^H=*^iSS8(i, :7&II$?SS2 1 © 
l!flg|5J;0iti{i- 5 Mia± 3 Mm, SSTTfSHi- 1 0 Mm 
±5 um<D:k^$K.tiy hSnro**. 

c 0 1 4 4 ] y^sc. rS2 6 ' jzn {jvwimmm=i:nx 

b. C©lS^i3ri^SS2 2cD±*»6C*a<f:»3 4>*i. 

i t 1 mm/jN3 ;S:^JS>i-r±3!pe>li < Wb . iS^^Siffi 40 

Sg2 2 i:*^S«2 1 cDDagC<!:CDg5M5:55«:-r-2.. 

CO 1 4 5 } ccDtt. ^^<D^mmt, m2 6. 2 

CO 146] UVjt«r5^Mitb:*3liS0!lCD 
C 0 1 4 7 ] COJ: ^ «C/'pi4Sn/cS:»^3feaJn°D*JmS 

i . TfeHSSSiya^ffifficcf^iJ-c* set %WT©:;^gfe«: 
CO 1 4 8 ] -r^c+D^. m©3t7 7 -f/^f— 50 
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VSI§|52 4. 2 4' {CS?'JL. R^T 

5. 

[0 149] llH-W^T-r^N*'?— *'-7;^ii<Dff$ 

K.M-CV??|g|52 4. 2 4' ^±*'6ff3x., UVJg^Sii 
^V?«g|5(CijiiLi2^. ^ U -7-^^jK3g€:^Sl^/c.-$:||j5e 

[0 150] COi*, mifsT^-iji'^hmf^i'lfio 

ts:<iLh. 7ti')-7-mm&<D^Tt. -7-7 A>^=r--:f<r> 
3rcD:7tttlJ. atS— au. 0. 8 5MmcDj^S^W-r 

[0 15 1] (.mmmi) -^fim^omKommmic^^ 

[0152] :$im^m(DM^yems'ait. -H^-c^ai^ 
j& o fc^nmmm 21 1. c o^m^s^ 2 7 cc jf a 

0. Sailffil//t25^«SI«38«r2MWrSS«^ifi 
SS2 8 J:0«c^). 

[0153] C<D3tlligSfii2 7 «. mi iC^rhO^t 

|5l--c*o. HJiflsje iisi-<o:^rj£rfi^L/c. 
[0154] ^^m^mimzm^H-^mffait. &rF^m 

[oi5 5]5t-r. ^^mR2 7ic2^(^mmK^2 

[0156] c cr. ^m-is^a. y ■< ;UAt>;©^>© 

S-:JI,^rf^KL//i: (mi^7 - 1 2 7 4 1 4-^) . 
[0157] 3T«i|i4»S*mPMMA-C. f^yP 

[0 1 5 8 ] 3T-9--^ Xtt. 4 0Mm;^. i'^^KJSBi 
*63rtf'i:»*-C«7 5 Mm-C. :^©ISt3tt. 150 
Mm'CAS. 

[0159] C®S5>^=^«jSS8{±. *IIS£SfiC0Bag|5 
J;Oiiii«- 5 Mm± 3 Mm. g3:STS]tt- 1 0 Mm± 5 

[0160] -^xic. j«2 9 ' J: 0 . uvwimmmin 

AL-. C<OiS4T^=-^vK5S2 8©±*:''=)Cn<i;0 4s*i. :g 
3i^> 1 mm/j>3^c*JS>t-C±*>e>ll<fflL. 

ieSS i 7 ©Gasp i <D^««rSiC-r 

[0161] c<oi*. ^m>mmmt. m29. 2 

9- tciStiii^. V?«4g®SiJJCttll»3iiS€cl,». 
(0 1 6 2 ] §I#IS*. \JW^i5itfmux::^Wm 

[0163] c<Dj:')(,cimstitcm^ytst^s,^^ms. 

1 . :>t^^SftS,*IBa!tCf'fStf * S C <!: ?&«T©:^«: 
[0164] rtft)^. \mU. 4S©I*3. tJJ'C^ffl© 
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CO 1 65] ■gu^JSx.^iV iM(Dity 7 ^ ^^y'-y'm 

(0166] C(Dtt. 1#«rj:r^H^>> hJAf^^tfiD 
?:f<i-{). 5t<y^-as:iffi8ga)=iT<h. yr ^^^7'-y'o:> lo 

3r(7:)7tfli^d:, O. 8 5MmCD?SS^WT 

fiti^^c :7 r <b (DfS#j:cSi^.;55^tg <b r^: o :rco 
[0167] ^/c. 2^^.^(D2^(Om^m^^\t. A 

C 0 1 6 8 ] ±f22 0(D|IS61?!r«. S^562SiffiS8i 
[0 169] 09. @1 0. S 1 Hi. * 

[oi70]s*. 3 a^Tfe^T-^ssr^o, cc 

(^CUy r Y^^•S9iJ^» 3 3-1. yy i>iK(Oi1^ K 3 3 - 30 

10. fcjco'^miasiLr u-i.;&^ci/t'; 

-P3 3-3G<!:T«£S$n^. y K<DJbE 
3 3-10 a«iS$®mM. *4«)WM3 3 - 1 0 
^SSffi («&±M) t3^i:r>rc^-5>, ^T^^^W^J«3 3 
- 1 ©{agfciO'xTSt^. iS$S*fM3 3-10 a*5cl: 
e/7K¥«2gffi3 3 - 1 0 b (cStOTftSia 1 Mm^tSr^ 

32- \ mcity7 -< ^^22^nxr^t. %y7-(j< 

3 2(r>nr^*L^(D{iLWit. iSSSmffi3 3 - l O a^sJ: 

o'*^S2SM3 3 - 1 0 b <D^n-encc*tor . SEta 1 40 

[0 1 7 1 ] 3 1 ti7t:«figgBa°o-C*0. :^»WCC«, S 
i S&i:tC7feaSifiK^T3 1 - 1*>J:CX^^:^ F3 1 - 

m-c\t. 7fe^«?sr2r3 1 - \{tmm.m&^mj&\y. u 

-if :Si^^;t- K3 1 - SAitJ?^ ^; F3 1 -2SB^^i-;^ 

ti. U-1ftS«'^^*'-K3 1 -3?:lgillT^/cS?)(D^fie 
S3 1 -4*ii9:Cte>n. SMiEitS05fe«:«7l£S^I^S so 
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S3 3 <i:mm&^2^j:g|^«:i>5/ci5(D/N'-:; ^^t^m^fhtlX 
l^^. SIO (D§l55>CCt3::7fe^^^gSS3 3 -^^ft^aist^^T 

/cei?>coa^.ffl7>K3 1 - s^sgc^f^tirc^-s, tK^S 
ilMS 1 - I 0 b;^>^^E>ccDS•Sie^^^;$?->cDS^'^>'^ 

[0172] itwm&m&<^^UiSLm(o^y v x 

<L(Dm^<om^(D%±M3 1 - 1 0 b«. :7£^tg 

gPA3 i<o*^S*g®<hurHfigL/. t.tcx.v^:ytfn 

|^SL?cSE3 1 - 1 0 a&i]g$^Mch L/T^SgT 

S^n^o ^fc. '^S>'^■^->3 1 -3 2C0-^Nv K<b7k 

JiO^SfltffiSS (-Titct)-^. ity-r A^^^m^ 3 - 
1 . ^i2^^^•^->3 1 -4. *^«!SnT3 1 - 
1. V- F3 3 -3 0) ^n^ncca^t-t/c^S^iJj: 

[0173] w±(DS^*fflc^/c{iia^b-t^':s«6*. 

12, 013. mi 4 tcin-r. 0 1 2 «S»®iafiicOi4 
taa. HI 3W-€-<3!>±HEI. 01 4»-e-<DffllffiH-C* 

[0174] CCDHSfet^rtJ. m!m^n<D^^m&::^ 

roM3S**W)K:tnxc. ««)<dc&±M3 i - 1 o bseii 

IK ^^^I^SS3 3tc^tbr0. {^L^-^io^myy 
>^3 3 - 1 0^. 3 1-1 0{C^t)-ti"rMi?)MXL'/c, 

cn*)3fe^je5SSK<Dti^i[i]Sojft^)&^^)^c turn 

[0175] t^±CD^«it^ffll^r . 7tziK5S3 1 - 1 <!: 
:)t7r-<^^aT3 2- l(D{4S'&t)if^?T^. ^K^TSTI^ 
<7>*^S*S® 3 1-lOb. 33-lOb i-Sfiffl^ 
H 1 SCo^To :*^ffii7t*^^^Stg3 3 
OiS$SiSS3 1-I0ai33-10 a(5]±€:fflL/^ 

7fe^Kss3 i - \ (oitui^^—^r ^m^ttji^x\.^h. 

C(Oi#. 3fe7r-f>'N-3 2€:7r-r-'<^U«33-lK: 
^t>^±ti\:^. @JfrWiC3^iS8S3 1 - 1 t^yT-(^'^zi 
T3 2 - 1 <D*¥SF*9(Di)larJt^iS7T^. 
[0 1 7 6 ] iBSS«ffi3 1 - 1 0 a. 3 3-lOaK: 
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^H^SffiS 3CD^^^Sm®3 1 - 1 0 a. 33-10 

tt:-^. 7t::7T'r^<^r 3 2 - 1 t^-B^d&^T3 i - 1 
^3 3Ccff*9, *ffl^<>:7'3 3 -S^^^i'CD^^gjlOaO 

[0177] CCO||Jg0!l-C«. ifiBa^O::^«:fflt*fc3fe^ 

^r^Bgrt-S.-S-CW^tJ-C^-So 015 (a) iC-e<7)afi 

[ 0 1 7 8 ] a 1 5 ( a ) i{ia/S>y 3 3 - 3 1 O 
«l^fc7fe^^ll^SS3 3 t^m^^n2 1 OS^O 

*tLr»DBT:)7:&fflJ:6'rfilCcffL0C:fr^M3 1-10 
a:33-10a. 31-10b:33-10b |5j±«: 
S^^^TSCitCcfcO. tf^^n^. 4£S^"?>:r3 3-3 

i^mie^na. iF^^>3fe«Hgs^«^f3 IcD«ffi>'^•->^ fccj^l 

I^CC. aM?S:^OSft:^CC J: 0,S15(b). (c) K 

J: 9 cc . 7tiatga5a°a 3 1 7:>5 a siifl«jccjisHT^£ffia:& 

-rntf, 7fe«t6aRS,3 l^HK^SJ^Jrc^CCJz-p-C^JtU 



l^pg^l 1 - 2 8 7 9 2 6 
42 

(0180]S10, HI 1 iScfcO'd 12, ^13. m 

ity T -Y/^•3 2 ^7fe^^*«SK3 3_ha):7 7 Y>'^*S?«J 
Si53 3 - nct£i±/ci^CC. 7t":7r -Y^^'3 2±CCS<#^3 
4- 14<D-ti:r@SU. SeiC. M^SOAifib. j/tv r ^ 

^<^(DmsM^^it^,^m^w^ 3 3 ccg»?pj 34-21? 

5Sigffl3 3- 1 0CC^3f<^flaU/cSlr^PJi. *Ba>'^ 
>:7'3 3-3 1 <bCcJ:*3. @SL/Co CCDi#, t^^SS? 
SS3 1 €:i^ffi«:m^iC?^U«Ct. 3fe^^^^^S® 3 3 CC 

[ 0 1 8 1 ] 0 1 6 . S 1 7 ^VrA ^^ii^kti^^n 

T-<^^'^•ffiCC^to■t±fcV«f^^CD^¥Sx.«3 b^yr-( 
^'WJaJS 3 - 1±5C@SG. :7t-<>''?3 2^:^V FT 

mc%y r ^^'^3 2^mM3 3 - l^^cnKiy. it:^& 

3 e^IS^Ofl-C-t. C<7)^-^ >7 3 6 ia^f ^5^3 3 - 
6?:Wr^3fe^^-ll3^Sffi3 3*fflC^ 3fe:?r-<^^-3 2 

[0 182] (Ute^fig) ^1 8(i, :3t*>:^^-;U^D« 

m,3 3^<DNi^cmm^i^r^Bmi(omMmn$>^. c 
hv^^. ^mm-ciit. 7fe^^-iissfi3 3;b5iiawcc 

DTtg-c*^*^ 1#5CjiB^g}flg^ffii^6i^cc(i, ^yr 
^^EI 1 9tc^L/c. 

[0183] ^tc. m20^t. 7tSi&3&S«3 1 
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Ai. -r^t^D^. jt^isssstsa 1 t^^^m^mm 3 

iOraES^SSft W4cSM<Cct: 0 E < T 3 3-40 

^. 7fe^^^^««3 3$)€,C^{3:7e2»ft?g3 l«:t/c-ti- 

■5 «}Bi©ia«It4 A5+.53.^ Aj: i. » t © t? * n« . C ^ o t? ^ 

g. a 10. mi l(C7^ofcss■'^> K';>i^ffli»3 3 

[0184] (IISSW 1 0 ) 02 1 *^BB©^ 1 0 

fi&SPSCC >Pt f S ©a9ii6S»gM4 iftCt fc C <!: K * 5 . 
CO 1 8 5 ] ^imt'Cit. ^7T'^-'^'3 2 iY^ilfefei* 
jSt38«:a:4ife«tggPa1,3 1 - a i*«*gSPo'i,3 1 - b * 

'tti'eti-^m^m^&^s 3 - a . 3 3 - 1 {cjsei,. 

:51c:? r 3 2 ^rgigS Lfc 2 ocgp^ptc^r -Sfigyi* 

^M3 3 - 1 0*1. ^^m^s^3 3±{cgg:we.n 30 
trt^-s. cn^i, jtaigggRas 1 -afcj:cf3 1 -b 

^•c#s. SP>{ccowi-c«. ffia?o©iffl«crai«*i*< 

*J 0 . C OfSiiC -7 ^)\, iMMffa 3 7 €:»{.;^>.iA«) S J: ^ K 
C 0 1 8 6 ] Ji*i. *3ISS{fi|-C{i. ©^cD;^ci!63fea5o°ol5] 

■r s sstBEiS'N" * - >^g;t>giiA<a:w 6 n r t, >r fen 
[0 18 7] cojr^tc. *i%Bj«:j:ti{i, 
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(0188] {mkm 1 1 ) ±.t^<Dmm.mQ~- 1 or 

3tt5figPD°o3 1 01g$S*^®3 1-10 a±{C«. tK^ 
Sigv-i; (.-^it^^SilitSSgP) 3 1-1 l«s^fi£3 
nrc^S, Sfc. 3t^^^^^?SS3 3CCfe]§gSmM3 
3-10 a©J:{C*^F^v-i' (i.<^^Sm*»^ 
SS) 3 3-11 im^it\X\.^i,. *^S«-7-i'3 3 
-1 lBCC-CWWAliSil+L-C^.5. Cinh(r>-7->7 
3 1-11. 3 3-11 *3t^W«:Sa^LSC»©M^cD 

[0189] tjiii. ilBTk^S*-?- 3 1 - 1 1 to cfc 

c;3 3 - 1 1 ^,*.«ra'ic< . sstsccj^fixurtatgw 

[0190] Sft:. ±fa©^W8*>P> 1 ICCteC^r. 

:7^^^p•ll^s^so^tM «?s® ccsnx-c -s ttwr * n 
J;<. !^Scot^*4tc|!gS$ni)fe©r«j:ci\ 

5 0%?r^WT-5l»Sil:SX!lf=^->«}fli. ;t77;^*&^4 
0%€:^Wr-5d<i;x-f-;u^' 5 K. * 

[0 1 9 1 ] Sfc. ±IBSIJS^-CIJ. 7fe3R^-||«««» 

[0192] ( JlSSff 1 2 ) *^B^CD#8t©l^ 1 W. 

«S-5--5«^0&a^*3-ti-*ti}eA< . lBWc?f 9 C i© 

-C#-5^iiW:*5,. -g-LT. *^B^©i^©lg2«. 15 
le^ 1 ©!^®^SS©tt1|-Cl|311-5l5mfilfiS«:1H*1- 
SCiCC*^. *||j!r6Wl 2fcJ:0'JiiT©^f«l 3)5: 

[ 0 1 9 3 ] la 2 3 {C7jT-r«it©3£^^ll^gSfi2 3 «: 
*tLr. -?-©W*^«toJ:C/S!it:^?:,T^-r. latCij^L 
fc3t*^II^^S2 3r«. ti?+T-5 2o©^ffiK:J: 

0 i'^i'-'i'*- K^feif ■i^s§g6S,©^4a^itot^^f ^ c i*s 
-c^s. ccr«. f»i/Ji'*- K3tsSigysa5u°o©(ia 

Sm?:S»5g85>i36A^=iT(5ia<t©ti*ffiiSI«<b. 

r±o. 5 s i'D>wi^i^c-5.c td^s^ssns. 
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( 0 1 9 4 3 ( i ) m-i 

y;J<^ 'J i'Si^^t'i'tsMg : 1 0 0£a3P> y^'y y i7 
S7xy-;l.tt}fli: 1 OOaSSU. S-ftffiilJPJ (2. 4 

m : 1 OSSSC. ^U:<7t£^^ (¥liJ*iS3 0 5 i'a> 
WT) : 6 0 OSaas^r^tr^fiSmfliMfiSfel. 
CO 1 9 5 ] ^ 

m^xtim^nmicMxL. -tmnm.^ ± o . i 5 c 

CO I 9 6] (iil ) fsm 10 

tc. Hm\t, m^tbS.:fJ : 5 0 h *ttb§S :49c 
ra' . Simimt) :25k s/h r . S4aiJE;^3 : 1 7 5 

?:S^it&U-C. •> 'J y -'^•T5 0 "C^ v^XJl-gC 

9 0 'cr, 1 8 0 -c. simf^m 2 0 ip>\ gi(t^ 

ra2 0«-\ S*miE»37 5 0 kg/cm' M:TR»^^^^f■^ 

fc. fi5a^a°a«. 1 8 0 •CT 3 Bi^rad^:^ h + r 6 /C, 
CO 1 97] S24CC^TJ:'5n£±0. 5 5 

C 0 1 9 8 ] JJ:*J, :^M^!S;«5^ h r)SJ^IS«ffl 

c 0 2 0 0 3 (iDssfi^ 13)02 5iC7jk-rm&(Dye3R^ 30 
jj^-r. s{c5^L//c7t^T-ii^affi3 3r«. fflM-rs2 

o«D«Jt® (ifej!lig?8gfca3 1 -CtiTM. ««3 3-C(J 

JlSfficDVff5tt©^7 0**S^•c■C#Sii) 

y^U*- H7!£agi8SSSPo°o3 1 (OmSikebi^f^ C ti)i-C 

+ 0. 5 5 i'D>WF»?<!:)5:SC<!:*i55jc5n.S. 40 
C 0 2 0 1 ] ( i ) «)fit 

7 » ^ y rt<7 V i/mSI : 1 0 0 SUSP. 

i'S7*^->iHSiBi: lOOSaSS. SitiSil 
?F!I(2. 4- h y u>y-^ y>r*- h. v^9-A>rs. 
i^nnm) : 1 oMfigp, iy')tt&^ (^i^?as3o 5 

i;a>ttT) : 6 00fifigp=£#tf^fiiEfaflf^!gj. 
C0 202] (ii) ^ 

CO 20 3] (ill ) fim so 
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/c. SSJffU. mmsbEEtl : 5 0 h >, mtn^s. ; 4 9 c 
m' . ■5IMkftg:*3 : 2 5 k s/h r . SttBlE»3 : 1 7 5 
0 kg/cm' iit,^9Ht:'7*:W-r-5.S^af!X0mcc|fi^1}) 
L r . >• V > :S'■^ag*S:^ V -'^•T 5 0 "C^ y X;Ug|5 

9 0 -ct:-. ^itas 1 3 0 x. was^Rsi 2 0 1>. mitm 
ra2o#. 9tmaE^7 5 0 kg/cm' ic-cm^i-ftr. 

tc. Jt£0n°ali.. 1 8 O-C-CSB^rel^t^;^ h=(^^rL/c, 

CO 2 0 4 ] 132 6{C^f^-r<fcOJ:c± 0. 5 5 

CO 20 5] JfeJB. :*:ffi^iB5^h^>X7rfiSJB«^ffl 

[0 20 6] 3 PjK:, *^?Ba°D«C7e^jSS§SPc°o^StSI® 

[020 7] (^Wl 4) 02 7{C7i^-r«IS©7e3R^ 

mf. ia{C^L.fc7fe^^lli?SK3 3rii, *B*t-r-5 2 
-5©Si^® {%Wm&m^aZ 1 -Cli^M. tt«3 3-Cli 

mumi l©]s,'*'&ifS^•c■c^^4S) (ccoe^vi^/i'* 

- K ^mmki^si, 3 1 ©i4ai?i6!) ^^f ^ c <t *i-c t -5 . - 
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